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Editorial Notes 


THE wise man looks on food as one of the reasonable 
pleasures of existence ; the learned man as an ever 
elusive mystery of chemical changes; the diet- 
reformer as a kind of obstacle race, where obscure 
vetoes forbid a straightforward and hopeful progress 
from soup to savoury. In these days, when the pro- 
duce of the uttermost earth comes to our tables in 
tins and bottles, when nearly every food has under- 
gone a course of more or less drastic “‘ treatment ” 
before it is deemed suitable, the wise man might well 
take a leaf from the book of his learned and his appre- 
hensive fellows, and consider more deeply the merits 
of his diet. ‘‘ Hare, a black meat,’’ said old Robert 
Burton.’ ‘‘ Melancholy and hard of digestion, it breeds 
incubus, often eaten, and causeth fearful dreams.’’ 
But how would he have looked on rabbit which came 
frozen from the Antipodes! ‘‘ That which Pytha- 
goras said to his scholars of old may be for ever 
applied to all melancholy men—A fabis abstinite 
eat no peas or beans.’’ Pork is ‘‘too moist, full 
of humours ’’—and with what terrible denunciations 
might he have visited them, had he met them united 
in a tin? True, Robert Burton must have been a 
delicate eater, for only carp—and that not with 
certainty, for is it not a “slimy nutriment ” ?—and 
dill, balm, and succory appealed to his learned and 





1 Anatomy of Melancholy. 
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critical palate as righteous food. But, if we substitute 
the danger of chemical contamination for his incubus, 
the danger of the destruction of vitamins for his 
melancholy, and the numberless physical disablements 
which follow improper feeding for the humours which 
menaced him, we may well feel inclined to view our 
modern kitchen cupboard with his stern disapproval. 


*f * * * * 


The full-blooded, thorough-going vegetarian is a 
fairly rare individual, and the question of the best 
relative proportions in our diet will probably always 
be solved for the majority by personal taste, and quite 
satisfactorily solved. But the problems of adequate 
feeding are more subtle than the mere question of 
how much fat and lean Jack Spratt and his wife may 
care to eat. Professor Hopkins, of Cambridge Uni- 
versity, in his epoch-making experiments on the 
feeding of rats, proved that the presence of many 
substances, minute in their quantity, was vital for 
successful nurture. There is no certainty yet as to 
whether preserved foods contain some of these sub- 
stances at all, although the wholesale experiments 
which the Army underwent in the late war proved 
that “‘ bully beef ’’ undoubtedly has a value, and even 
a charm of its own, if eaten with reasonable discretion. 
Bacterial contamination is so rare that the disaster in 
Scotland last year stood out as a notable exception. 
Chemical strangers in food are perhaps a greater 
danger; the cumulative effect of small doses of a 
poisonous substance may be by no means negligible. 
We are as a community dependent on the unceasing 
activities of Government authorities for our safety in 
ensuring the purity of our food ; but the determina- 
tion of the essential factors in diet remains the func- 
tion of the biological investigator, and is in fact 
among the most important duties which he is called 
upon to fulfil to-day. 


* * * * * 


The confidence with which we habitually use phrases, 
whose origin and exact meaning eludes even the 
curiously-minded who inquire into the mystery, 
is a very wonderful thing. There was, not long ago, 
a correspondence in the Observer as to what exactly 
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“setting the wind up’”’ means, and how it came to 
mean it. Aeronautics, big-game hunting, and even 
irascibility were invoked as inspiring the metaphor, 
and had their several partisans. There is another 
phrase—also popular during the war—whose origin is 
equally mysterious, though its meaning is quite clear 
—and that is ‘‘ Money for jam.’”’ We imply—if we 
are undignified enough to employ the phrase—that 
we are gaining an advantage at the expenditure of 
quite disproportionate effort. We hazard the sug- 
gestion—without much confidence—that the phrase 
had its origin in a suspicion that Army jam rations 
were composed of materials which rendered any change 
—however small—a source of exceeding profit. Be 
that as it may, ‘‘ Money for jam ”’ is a most alluring 
prospect for mankind. It drives men to make furni- 
ture of soap-boxes, to buy useless but ponderous 
tomes at second-hand bookstalls, for the sole reason 
that they are in the fourpenny box; it is the root 
instinct that has inspired and nurtured the noble 
profession of bookmaking. There is a fascination in 
making the apparently valueless a source of profit 
and wealth—in making the desert blossom like a rose. 





* * k * * 


And the desert is quite ready to blossom, if rightly 
and intelligently handled. There was published dur- 
ing the war, when the question of home-grown foods 
became pressing, a little work which endeavoured to 
enumerate, in a lamentably small space, all native 
articles of diet. They included the thighs of grass- 
hoppers and the young of the rat; the eggs of the 
sparrow and the leaves of the dandelion ; the cater- 
pillars of the white butterfly and hedgehogs. Not, 
perhaps, a feast worthy of Lucullus, but at least a 
novel menu—something beyond the Delicatessen 
shops—might be produced by the undaunted epicure 
at the expense of an afternoon in the meadows, and 
perhaps a few hours in the rat-nurseries by the London 
docks. But when all is said, and the last grasshopper’s 
thighs deliciously eaten, it must be admitted that our 
native land is not a Swiss Family Robinson island ; 
it has its limitations. While hunting on Epsom 
Downs for the larve of a rare moth, an entomologist 
was stopped by a gipsy. ‘‘ What are you looking 
for?’ asked the gipsy. ‘‘Grubs,” said the ento- 
mologist, coming down to his level. ‘‘Grub!”’ said 
the gipsy. ‘You won't get much grub that way.” 
And gipsies, says George Borrow—and doubtless he 
is right—are a knowledgable crowd. That is not the 
road to ‘“‘ Money for jam.” 

* * * * * 
But there is another. Wide stretches of these 


islands are barren—beautiful, but barren. The bog- 
country of the centre and west of Ireland is a source 








of peat, it is true, but of little else. There are 400 
square miles of sandy soil in Suffolk and Norfolk alone 
which are useless, as they stand, to the agriculturist, 
and grow only heather and bracken. There are sand- 
dunes by many a Sea-coast ; wide stretches of mud 
or shingle ; salt-marshes where only sea birds can take 
delight, and land covered with refuse from pit-heads 
where nothing can. Are we to leave these waste 
lands uncultivated for all time ? Can nothing be 
done to make them yield pasture, timber, or crops ? 
This question is occupying the attention of a great 
many workers. For example, sandy wastes have been 
made productive by growing lupins on them and so 
rendering them more capable of holding water, and 
allowing the crop to be dug into the soil as a manure. 
Holland, of course, has long known how to win wealth 
from a poor and barren land; the bulb gardens of 
the Low Countries are famous the world over. The 
drainage of the fen-country of Cambridgeshire is one 
notable success for English methods, even though 
much yet remains possible in those wide and lonely 
stretches. Pit-head refuse will often permit of the 
growth of trees useful locally for pit-props; shingle 
beaches, Professor F. W. Oliver believes, might be 
made productive by growing ‘‘nurse-plants’’ there, 
which would enrich the soil and enable other plants 
to be grown later. Research on these questions is 
being actively pursued both at Cambridge and Roth- 
amsted, and the Agricultural Department at Leeds 
University is supervising work in Yorkshire on the 
improvement of poor pasture-land. A most interest- 
ing discussion of these subjects is given in a little 
volume entitled The Exploitation of Plants,! which 
offers several suggestions for the utilisation of national 
resources yet neglected. 
* * * * * 


Animals and their intelligence, insects and their 
brains, man and his mere automatism—these are 
subjects which recur perenially as year by year another 
generation awakes to their importance and difficulties. 
It is notable that those who believe most emphatically 
that there are mental processes in animals comparable 
to those in man, are the men who, like the late W. H. 
Hudson and the “inimitable observer’ J. H. Fabre, 
the insect’s Homer, have spent long days in silent and 
sympathetic observation of the doings of dumb crea- 
tures in their natural surroundings. Those who look 
upon them as complicated machines have oftenest 
examined them with complicated machinery. We 
cannot decide between them ; we can but observe the 
extreme views. The primitive one-celled organism 
in a drop of ditch water appears to absorb suitable 
food and to discard the indigestible residues, and 


1 J. M. Dent & Sons, 2s. 6d. 
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neglects the unsuitable completely. Is this a sentient 
choice ? Professor W. M. Bayliss (Principles of General 
Physiology) writes as follows: “‘ If a fine piece of glass 
rod be pushed against a drop of chloroform under 
water, it cannot be made to enter the drop; on re- 
leasing the pressure it is immediately rejected. If, 
on the contrary, the rod be first coated with shellac, 
it is at once sucked in. As soon as the shellac is 
dissolved by the chloroform, the rod is thrown out 
again.’ The analogy is certainly striking. Take the 
other extreme view, as presented by W. H. Husdon 
in A Hind in Richmond Park: “ A life-long intimacy 
with animals has got me out of the common notion 
that they are automata with a slight infusion of 
intelligence in their composition. The mind in beast 
and bird, as in man, is the main thing. Man has pro- 
gressed mentally so far that, looking back at the other 
creatures, they appear practically mindless to him. 
. . . One might compare the animal in that state in 
which I watched her, resting after feeding, chewing 
the cud, and at the same time agreeably occupied in 
listening to the little woodland sounds, to the man 
who, after dining well, smokes his cigar in his easy- 
chair, and amuses his mind at the same time with a 
book—a fascinating story, let us say, of old unhappy 
things and battles long ago.”’ 
* * * * * 


The death of Sir James Dewar has removed from the 
world of science one of those rare giants of intellect 
and achievement of whom each age produces but 
a very few. Although all of us have employed a 
development of his discovery, the ‘‘ vacuum flask,”’ 
to meet our picnic needs, few realise what marvellous 
feats of engineering skill and scientific resource were 
associated with that domestic device in his hands. 
The liquefaction of gases which had resisted the efforts 
of others, and innumerable experiments on _ their 
physical properties in that state, was only a small 
part of his full measure of success in research ; his 
‘vacuum flask ’’ was devised to prevent these strange 
liquids boiling. His life-work marked a step in the 
ladder of the progress of the world’s knowledge, and 
to few has it been granted to leave so permanent a 
mark on the history of their time and of all time. 


* * * * * 


The suggestion that a charge should be made to the 
general public, though not to students, for the privilege 
of entering the British Museum has, we are glad to 
note, not been put into effect. It is our boast that 
the most priceless possessions of the nation are enjoyed 
without cost ; and the discrimination between student 
and dilettante savours of snobbery. Our sympathies 
are all with the dilettante, for few can enter that 
great monument to learning to whom all the contents 


- 


are an open book, and none to whom some spot has 
not the charm of intimacy and personal appeal. It 
is against al] the traditions of the British Museum 
that it should compete with the cinema as a source 
of income and profit. The excellent publications 
which it produces for the information of visitors to its 
various rooms are supplied at a cost which is certainly 
disproportionate to their value and the expense of 
production. Many will have found, for example, 
that the guide to the Egyptian collection, modest 
though its price is, was invaluable as a source of know- 
ledge and perspective concerning the times and 
activities of the old kings of Egypt, during their recent 
resurrection to world-wide attention. We are glad 
that the almost universal protest against any action 
which might serve to limit the freest access possible 
to the treasures of the past has had its effect. The 
British Museum consists in great part of exhibits, 
priceless in themselves, yet presented without recom- 
pense, and surely it was the intention of such donors 
that their public-spiritedness might be enjoyed without 
charge. 
* * * * * 

What is the psychology of the modern psycho- 
logical novel ? If the stage-coach driver and the inn- 
keeper were material adequate for Dickens, why have 
we not our masterpieces with taxi-cab drivers and 
public-house landlords for heroes? It may be that 
the novel, like the poem, must always have something 
of the archaic about it to strike a note of literary 
charm ; even though we have not a novel of the 
Scotch express, perhaps we may soon have one with 
Stephenson’s first creation as motif. The world, like 
port and cheese, must mature before it is material 
for the epicure. Meanwhile, the novelist has flown 
to analysis ; instead of portraying character with the 
infinitely subtle skill of a Jane Austen, and exposing 
a soul by the flicker of a handkerchief, he grinds out 
a monstrous picture of a mind distracted by multi- 
tudinous conflicting but neatly labelled motives and 
instincts. But how inferior an art it is, how unfair 
an evasion of the novelist’s first duty! It is for him 
to select from the mass of human action and speech 
those flashes which illuminate the whole of a life for 
us. The psychology is for our inward comment ; we 
may not care to know why Iago hated Othello ; we 
shudderingly realise that he emphatically did. The 
psychological novelist is like the child who draws a 
nameless and unthinkable creature on a slate and 
writes as legend ‘‘ This is a Kow.”’ But even the 
child realises that he has somehow cheated ; there 
should have been an irradiating bovinity somewhere. 
The novelist is cheating too; psychology may be a 
romance in the hands, say, of William James ; romance 
can never be psychology. 





Eclipses of Jupiter’s 
Satellites and Their Use 
for Determining the 
Velocity of Light 


By Sir Oliver Lodge 


THERE is some misunderstanding as to the way in 
which the eclipses of Jupiter’s satellites enable the 
velocity of light to be determined. It is often thought 
that there is a delay in these eclipses when the earth 
is a long way from Jupiter, as compared with the times 
of their recurrence when the earth is comparatively 
near. The distance between the two positions is the 
whole diameter of the earth’s orbit, that is to say, 
186,000,000 miles, and undoubtedly light takes about 
sixteen minutes to traverse that distance. But the 
observation is not made in that way, nor is it feasible 
to make it in that way. 

The satellites revolve round Jupiter like the hands 
of a clock, and what can be observed is the gaining 
or the losing of that clock. This gain or loss is at a 
maximum when the earth is moving full speed to or 
from Jupiter, that is to say, when it is at a mean 
distance. There is no gain or loss observable when the 
earth is either at a maximum or minimum distance. 
The clock would then be observed to keep right time, 
or, in other words, the satellites would complete their 
revolution, and be eclipsed, in their true period, 
Distance would make no difference. Speed only is 
effective. The apparent variations in the time of 
revolution would be experienced when the earth was 
moving either away from Jupiter or towards it. If it 
is moving away, the time of revolution would appear 
longer than usual. If it is moving towards, the time 
of revolution would appear shortened. 


The Analogy of Sound 


It is in fact a case of what is called the ‘“‘ Doppler 
Effect,’ which is most easily observed in the case of 
sound. The rate of vibration of a sounding body can 
be estimated by the pitch of the note it emits. If we 
are moving towards the source—or what is the same 
thing, if the source of sound is moving towards us— 
the rate of vibration appears quicker than usual: 
which is the same as saying that the sound is raised in 
pitch, or appears shriller. If, on the other hand, there 
is a mutual recession between source and observer 





as when we are on a train travelling away from a rail- 
way whistle—the pitch of the note is flattened ; that 
is, the rate of vibration seems to us slower than it 
really is. 
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It is easy to observe this in the case of sound, because 
the velocity of sound is but moderate. It travels with 
about the speed of a revolver bullet, at the rate of a 
mile in five seconds. So that if we were on a carriage 
travelling away from the sound até this pace we should 
not hear the sound at all, for it would never overtake us. 
That rate of travel is impracticable by any artificial 
means of locomotion. But we can easily travel a 
mile a minute, which is one-twelfth of that rate, and 
accordingly a note would be lowered by about one- 
twelfth of its rate of vibration. So that if it were 
sounding the C in the treble clef, making 512 complete 
vibrations a second, it would sound to us, if we were 
travelling away from it at sixty miles an hour, as if 
it were making, not 512, but 470 vibrations a second, 
or something like that—a drop of nearly a whole tone. 

It is not easy to observe the same thing in the case 
of light, because the velocity of light is so enormous: 
nevertheless it occurs. And if by a spectroscope we 
were able to determine the position of a line in the 
spectrum with sufficient accuracy—that is to say, if 
we were able to determine precisely the rate of ethereal 
vibration which was responsible for the light—we should 
observe a slight shift in one direction when we were 
moving away from it, and a corresponding shift in the 
other direction when we were moving towards it. 

The only carriage which is sufficiently quick to cope 
with the velocity of light is the earth in its orbit, which 
is vastly quicker than even a bullet, since it travels 
nineteen miles in every second. And though even 
this is almost insignificant in comparison with the 
velocity of light, it is not quite insignificant. It is 
the ten-thousandth part of the velocity of light ; and 
instruments of precision will show the effect, which is 
very well known and constantly allowed for. Some 
stars approach us much more rapidly than that, and 
the speed of their motion is determined by this very 
means. Sir William Huggins was the first to do it, 
and at the time of his observation he found that the 
star Sirius was receding from us at a considerable 
pace, I think as much as forty miles a second, which is 
proved by the displacement of its sodium line, so that 
the sodium in Sirius appeared to be vibrating more 


slowly, and emitting light of slightly more orange tinge, 


than sodium on the earth or any other body fixed with 
reference to the observer. 


Sirius and its Companion 


It is true that this recession of Sirius did not con- 
tinue for many years. In the course of time recession 
was turned into approach, proving that the star was 
revolving round an unseen companion—a companion 
whose existence was therefore predicted or detected 
on this evidence alone, and was afterwards seen by 
means of the large telescope and keen eye of Alvan 
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Clark, in the clear air of America ; though its light is 
exceedingly dim owing to its low temperature. Its 
existence was detected, however, in the first instance, 
not by its luminosity, but by its gravitational influence 
on its bright companion. 

And manyanother double star hasthus been detected, 
some of them with components of equal brightness ; 
and as they revolve one is receding and the other 
approaching, which has the effect of causing every 
single line in their spectrum to appear double—half 
its light being shifted to the right and half to the left— 
although the stars themselves may be so close as never 
to be seen double by even the highest power telescope. 
Such is the remarkable phenomenon connected with 
the star B Aurige, which was discovered by one of 
the assistants working under the Draper Memorial 
for Professor Pickering, at Harvard, when examining 
photographs of the spectrum of a number of stars 
taken on successive days. The rate of revolution in 
this case is so enormous that a complete period was 
gone through in four days. 

To return, however, to the eclipse of Jupiter’s 
satellites, it is really a phenomenon of essentially the 
same kind as is noticed in sound or light, though it is 
observed by altogether different means. For here the 
period of revolution or vibration, instead of being a 
minute fraction of a second, is something comparable to 
a weekora month. And the completion of a period is 
observed by the periodical plunging of the satellite 
into the shadow of the planet, that is to say, by an 
eclipse. Making all proper allowances for shifting of 
our own position—which to an astronomer is simple 
enough—the period of revolution can be pretty accu- 
rately determined. The true value is obtained when the 
earth is nearest Jupiter and moving, as it were, side- 
ways, not to or from that planet: and the true period 
is also observable when the earth is farthest from Jupi- 
ter, and again moving sideways. But at the halfway 
points, three months distant from either of these, 
when the earth is moving towards Jupiter, the period 
of the satellite appears accelerated, seeming to revolve 
in a shorter time than it really does, because the earth 
is constantly catching up the light which, by its appear- 
ance or disappearance, brings the message. On the 
other hand, when the earth is running away from 
Jupiter, the light from a reappearing satellite has to 
overtake an observer; and accordingly we get the 
information late: so that, if we were not acquainted 
with the cause, we should assume that the satellite 
was revolving more slowly than its average value. 

It ought to be said that when Roemer published his 
great discovery, as above summarised, it was regarded 
as fanciful and not accepted, because up to that time 
it had been thought that light travelled instantane- 
ously, or perhaps did not travel at all. It simply 


existed. The fact that light really did travel at a 
definite speed was of fundamental importance. It was 
the first definite thing ascertained about the Ether of 
space, and was not to be lightly accepted. Like many 
another discovery, it had to run the gauntlet of con- 
troversy. And it was not till fifty years later, when 
Bradley, the Astronomer of Oxford, conceived the 
explanation of a quite different and still more 
delicate phenomenon which he had observed, viz. 
the slight shifting in the position of stars, so that 
they described some kind of ellipses or circles in the 
course of the earth’s year—an observation which he 
ultimately explained as due to the finite velocity of 
light ; it was not, I say, until Bradley arrived at a 





JUPITER, FEBRUARY 17, 1906. 
From a drawing by the Rev. James Baikie, Edinburgh. 


similar result, viz. that the speed of light was ten 
thousand times that of the earth in its orbit, that 
Roemer’s theory was accepted and incorporated into 
science. For it was perceived that the two observa- 
tions mutually sustained each other, although up to 
that time no terrestrial observation had been sufficiently 
delicate to enable the speed of light to be directly 
measured by experimenting with artificial sources on 
the earth’s surface. This was done, as everyone now 
knows, by the great French physicist Fizeau, in 1849, 
and afterwards confirmed beyond the shadow of a doubt 
by Foucault ; so that the speed with which the Ether 
is able to transmit waves became the familiar and 
commonplace fact which it is to-day. 


A Popular Misconception 


I began this article by saying that there was much 
misunderstanding about the behaviour of Jupiter's 
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satellites in this connection, a misunderstanding which 
is often repeated even in textbooks, though I clearly 
indicated the accurate way of regarding the matter 
in my address to Section A of the British Association 
at Cardiff in 1891, and although Professor Tait in his 
treatise on Light had expounded it before. To illus- 
trate the popular misconception it will suffice to quote 
from a quite recent article by Canon Edmund McClure, 
in The Beacon, called ‘“ The Ether and the New 
Physics,’’ in which he speaks as follows about eclipses 
of Jupiter’s satellites : 


‘The Danish astronomer Roemer found in 1675 that 
these eclipses were observed some 22 minutes earlier 
when the earth was at one point of its orbit than six 
months later, when it was farther away by the orbit’s 
diameter, that is by 186,000,000 miles. Hence the 
light reflected from the satellite at the instant before 
its eclipse took 22 minutes to traverse the diameter 
of the earth’s orbit. More accurate observations 
reduced the 22 minutes to 16, and it was an easy cal- 
culation to deduce from this that light was not in- 
stantaneous, as had been supposed, but travelled at 
the rate of 186,000 miles a second, a velocity confirmed 
by later experiments.”’ 


What Canon McClure no doubt means is that the 
accumulated discrepancies during recession or approach 
amounted in the end to the 16 minutes he speaks of. 
And that is one way of expressing the result : but it is 
not a clear and instructive way. It very often happens 
that the accurate method of regarding a phenomenon 
is really better and clearer, and always more instruc- 
tive, than something modified to suit what is thought 
to be ordinary apprehension: and hence it seemed 
worth while to call attention to an improved mode 
of statement, which is more in accordance with the 
actual facts. 


Recent Work on the 
Ridge Patterns of the 
Skin 
C. A. Mitchell, M.A., F.I.C. 


THE general principles upon which identification by 
means of finger-prints is based are now so well known 
that most people are acquainted with the methods of 
classifying the patterns and of using them in the 
detection of crime. There are, however, certain new 
developments of the methods which are, as yet, but 
little known, and many interesting results have also 


been obtained which corroborate and amplify the 
experience of the pioneer workers on the subject. 

Evidence is still being accumulated to show that the 
patterns are permanent throughout life. The late 
Sir William Herschel had a thumb-print made in 1859, 
and one made in 1914 was found to be identical with 
it. It will be long before his record of fifty-five years 
is beaten. A striking illustration of the indestructi- 
bility of the patterns, to which Dr. Faulds was the first 
to call attention, has recently been given by Mr. B. 
Wentworth, of New Dover, U.S.A., who has sent me 
a series of prints showing the effect of a burn upon the 
pattern and the gradual reproduction of the original 
design with the healing of the injury. 

During the last few years I have made an extended 
series of experiments to ascertain after what intervals 
of time it would be possible to develop a latent imprint 
of a finger upon paper, such as the leaf of a book. 
For this purpose I have studied the various methods 
which have been suggested for the purpose and have 
devised several new ones (see Analyst, 1920, 45, 122). 

Up to that time these methods had been mainly 
mechanical in their action ; and my results indicated 
that their efficiency would largely depend upon the 
absorptive capacity of the surface of the material 
upon which the print had been made. For example, 
if a print has been left upon glass or upon the surface 
of a japanned tin box, it can be developed even after 
some years by dusting it with a suitable powder, such 
as a mixture of chalk and mercury or powdered graphite 
(as in the official English method), with lycopodium 
powder coloured with an aniline dye, or with heated red 
lead or lead iodide. Prints on highly sized paper 
can be developed in this way after some weeks, but 
those on ordinary paper will only give a poor result 
after a week or two, and imprints on blotting-paper, 
although they can be sharply developed for some hours 
after being made, will only show a faint smudge after 
about a week. 


Methods of Developing Latent Imprints 

The use of a liquid reagent was first developed by 
Forgeot in 1891, and after various experiments he 
found ordinary writing ink to be the most suitable 
for the purpose. The principle upon which its use 
is based is that there is normally a slight secretion of 
oil in the fingers, and that this is conveyed to the parts 
of the paper with which the ridges come in contact. 
The marking made by the ridges will therefore repel 
the ink, whereas the intermediate furrows and the rest 
of the paper will be stained. Prints made in this way 
are therefore “‘ negatives,’’ whereas those made by 
the mechanical method of adhering powder are “‘ posi- 
tive,’’ the ridge receiving most of the pigment and the 
furrows remaining relatively uncoloured. 
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Various discrepancies have been recorded by sub- 
sequent workers who have used this method, but I 
have shown (Analyst, loc. cit.) that these are to be 
attributed to the fact that “‘ink”’ is not a standard 
reagent, but varies in its composition within wide 
limits. A reagent made by dissolving pyrogallol in 
osmium tetroxide (the osmic acid of the microscopists) 
gives an ink which darkens immediately on paper and 
gives very sharp results in the development of finger- 
prints, whereas an ordinary fountain-pen ink only 
darkens gradually on oxidation by the air. 

Good results can be obtained with either ordinary 
ink or the pyrogallic ink reagent after a long time, and 
I have developed latent prints on paper after a period 
of more than three years. 

The use of a gaseous reagent has many advantages 
over liquid or solid reagents. Iodine vapour gives 
good results, and I have developed prints with it after 
several years. The reagent has the drawback, how- 
ever, of giving fugitive prints which are not easy to 
photograph. But osmium tetroxide vapour, produced 
by heating a little osmic acid solution in a basin, gives 
very good permanent “ positive’ prints, in which 
the ridges are grey, the furrows and the pore openings 
on the ridge dark grey to black. The method is less 
sensitive than development with iodine, and does not 
develop a print after the lapse of some months _ In 
the case of recent prints, however, it is very effective, 
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Fic. 1.—EFFECT OF A BURN UPON THE SKIN PATTERN OF A 
FINGER. 
(1) Original print. (2) Immediately after burn. (3) After partial recovery. 
(4) After complete recovery. 


(By permission of Mr. B. Wentworth.) 


and is especially useful when a good record of the pores 


in the furrows is required. 
A good outline has already been given in DISCOVERY 


* 


(vol. ii, p. 257) of Dr. Locard’s method of identification 
by poroscopy, which is an extension of the finger-print 
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FIG. 2. FIG. 3. 
FIG. 2.—FINGER-PRINT DEVELOPED AFTER THREE YEARS WITH 
**SWAN ” INK. 


FIG. 3.—FINGER-PRINT DEVELOPED AFTER THREE YEARS WITH 
OSMIUM PYROGALLATE. 


system to the enumeration and classification of the 
pores on the ridges. 

The only point in this description which requires 
some correction is the statement (p. 259) that ‘‘ Stockis 
... proved experimentally that the wearing of 
leather or indiarubber gloves need not prevent the 
formation of finger-prints, and in February 1912, in 
the S—— case, Dr. Locard put theory into practice 
by identifying a gloved burglar without any other proof 
than his finger-prints.”’ 

Now, what Stockis meant was that even gloves are 
not an absolute safeguard against the leaving of 
recognisable imprints unless all portions of the friction 
skin are completely protected. In Dr. Locard’s case, 
(which I have recently read again in the original 
French) the hand was only “ gloved ”’ in the sense that 
it had been covered with a loosely woven “ honey- 
comb ” towel—a very different thing from its being 
in a fabric of leather or indiarubber. 


Distinctive Footprints 


Until comparativelyrecently the study of the patterns 
formed by the friction ridges on the soles of the feet 
has been almost completely neglected, and it has been 
left to Messrs. Wilder and Wentworth to devise an 
efficient method of classifying the somewhat complex 
patterns and to demonstrate their value as a means. of 
identification. Their first attempts to make use of 
imprints from the toes were abandoned owing to the 
fact that these areas are frequently outside the contact 
area of a tread impression, and that even then the 
patterns are monotonous and _ unsatisfactory for 
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classification. They have therefore adopted a systcm 
in which classification is based upon the patterns in 
the “‘ ball ’’ area at the base of the great toe, and in the 
three areas (I, 2, and 3) termed the plantar area (planta 
= sole) lying beneath the other digits, together with 
the presence or absence of lower deltas (d). 

They have found that the ball pattern is almost 
always present, whilst the three plantar patterns are 
of more uncertain occurrence, and may occur in any 
combination, forming whorls or loops. In its complete 
form the ball pattern is a whorl, with three deltas 
placed at about equal distances about it, but more 
commonly there is a modification of the pattern in which 
one or more of the deltas is missing, as in the case of 
the diagram (Fig. 4), where the pattern is the modifica- 
tion A in which the uppermost delta is wanting. 

A plantar pattern may be either (1) a loop with an 
opening at the top; or (2) a loop opening downwards ; 
or (3) a whorl, generally drawn out into an oval, as 
is shown in 2 in the diagram. Frequently these areas 
show no definite patterns, as in the case of I and 3 
in the diagram. There are also occasional patterns 
which occur but seldom, such as the fibular or outer 
pattern, which usually consists of a narrow loop, H, 
not far below the area of the base of the toes. In some 
cases the core of the loop extends beyond the tread 
area. 

Still more distinctive is the pattern on the heel, or 
calcar pattern, c, which is usually a simple loop associa- 








Fic. 4.—TRACING OF THE SOLE-PRINT OF A SMALL BOY. 


Showing fibular loop (H) and the rare calcar pattern (Cc) which is always asso- 
ciated with a tri-radius (d). 


(By permission of Messrs. Wilder and Wentworth.) 


ated with a delta, d. So rare is this pattern that less 
than a dozen instances of its occurrence have been 
recorded, and I am indebted to Professor Wilder and 
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Mr. B. Wentworth for their permission to reproduce 


the examples here shown. 


Fig. 4 represents a tracing of the entire sole-print of a 





FIG. 5. FIG. 6. 
Fic. 5.—CALCAR PATTERN IN IMPRINT OF HEEL OF AN 
AMERICAN UNIVERSITY PROFESSOR. 
This pattern is remarkable in showing a complete loop. 
(By permission of Professor Wilder.) 


Fic. 6.—CALCAR PATTERN IN IMPRINT OF HEEI, OF AN 
AMERICAN WOMAN, 


(By permission of Professor Wilder.) 


small boy showing this feature, and photographs of 
actual imprints of calcar patterns, kindly sent to me 
by Professor Wilder, are shown in Figs. 5 and 6. The 
first of these (Fig. 5) is the heel-print of an American 
University Professor,) which is unique in showing a 
complete loop, and the other (Fig. 6) that of an 
American woman. As Messrs. Wilder and Wentworth 
observe, the possessor of a calcar pattern is a marked 
man, and his imprint should be given a place of its 
own in any classification of sole-prints. 

Although the registration of sole-prints is unlikely 
to displace finger-prints as an official method of general 
identification, there are many instances in which they 
would be of great value, as, for example, in the identi- 
fication of portions of mutilated bodies. 

The system is also much more readily applied than 
the finger-print method in the case of babies, and has 
already been adopted as a supplementary method for 
the identification of infants in the Chicago Maternity 
Hospital. For further particulars of the methods of 
using the system, reference may be made to Wilder 
and Wentworth’s book on Personal Identification. 


The Identification of Animals 


The most recent development of the use of imprints 
from the ridges of the skin has been its extension to 
the identification of cows. It has long been known 
that the patterns on the fingers of lemurs and the higher 
apes may be as complex in their character as the human 
skin patterns, whereas the patterns of the ridges upon 
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the friction skin of the lower monkeys are much simpler 
in character. In the case of a ruminant animal, such 
as the cow, it would be useless to look for any charac- 
teristic patterns in the hoofs, but, acting on a sugges- 
tion sent to me from America, I have made a number 
of prints of cows’ noses, and have found that the 
arrangement of the sweat pores follows distinctive 
patterns, which can therefore be used for the identifica- 
tion of these animals. The two accompanying prints 
(Figs. 7 and 8) were taken on December 22, 1922, from 
the noses of two young Jersey heifers belonging to 





FIGS. 7 AND 8.—NOSE-PRINTS OF TWO YOUNG JERSEY HEIFERS, 
TAKEN DECEMBER 1922. 


Mr. E. Matthews, of Little Shardeloes, Amersham, and 
may in future be of interest as the first prints of the 
kind made in this country. It is obvious that the 
patterns formed by the pores are quite distinct. The 
practical value of this discovery lies in the fact that 
it is not an uncommon practice for one cow to be 
substituted for another and more valuable one after 
the purchase has been completed. A registration of 
the nose-prints of all pedigree animals would there- 
fore prove an effective safeguard against this 


fraud. 
At the request of the Committee of the Royal Agri- 


cultural Society I am carrying out a further series of 
experiments to determine whether the patterns are 
permanent and remain constant in their form over a 
long period in the growth of the animal, and whether 
the differences are always as pronounced as in the case 
of these two animals. 

It is quite possible that the same method of identifi- 
cation could also be applied to dogs, and, if so, it 
would be a very simple method of establishing their 
pedigree. 
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The Artificial Feeding 
of Crops 


By Sir E. J. Russell, D.Sc., F.R.S. 
Director of the Rothamsted Experimental Station 


EVERYONE is familiar with the idea of the feeding of 
animals, but it is not so obvious that plants also need 
adequate supplies of appropriate foodstuffs, without 
which they cannot continue to live. Indeed, in spite 
of man’s long experience with growing plants, it was 
not till 1840 that any correct understanding of the 
subject was obtained. Farmers had of course known 
from the earliest days that farmyard manure was 
beneficial to plant growth, and that certain crops such 
as beans, lupins, etc., when dug or ploughed into the 
ground, enriched it for succeeding crops. But the mode 
of action and the effective substances were both un- 
known, and there was no general body of scientific 
knowledge to which an appeal might be made for help. 

The oldest hypothesis was that the black, sticky 
substance in farmyard manure—the so-called ‘“‘humus,”’ 
—constituted the food of plants: but it had not 
universally been held, and at least two distinguished 
seventeenth-century chemists—Glauber in Germany, 
and Mayow in England—had advanced evidence that 
the nitrate formed during the decomposition of farm- 
yard manure was the essential fertilising constituent. 
The third hypothesis was advanced by Liebig in 1840 
to the effect that the mineral constituents of the farm- 
yard manure—the phosphates and the “ alkali salts,”’ 
potassium, sodium, calcium, and magnesium—were the 
true plant foods taken from the soil, all the remaining 
plant requirements being drawn from the air. 

Lawes started pot experiments in 1839, but none 
of these hypotheses fitted his results, which indicated 
a strong need for nitrogen compounds as well as soluble 
phosphates and “ alkali salts.’ To put the matter to 
a more serious test he and Gilbert laid out four plots 
of ground receiving respectively no manure ; farmyard 
manure; ashes of an equal amount of farmyard manure; 
and these ashes + nitrogen compounds (ammonium 


sulphate). The results were as follows: 
PRODUCE OF WHEAT PER ACRE. BROADBALK FIELD, 
ROTHAMSTED. 1844 
Grain. Straw. 
bush. cwts. 
No manure P . ; . ; . 16 1,120 
Farmyard manure (14 tons per acre) . » 82 1,476 
Ashes of 14 tons of farmyard manure . . 16 1,104 
Ash constituents + nitrogen compounds 
(ammonium sulphate) up to . ° - 264 1,772 


The experiment showed then that farmyard manure 
owes its value, not, as was for long supposed, to the 
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organic matter, not to the ash constituents as Liebig 
had suggested, but to the ash constituents + nitrogen 
compounds. 


The First Artificial Manures 


With characteristic energy Lawes and Gilbert de- 
veloped this discovery. There was then (as nearly 
always) a shortage of farmyard manure on farms, and 
agriculturists had for generations sought for substi- 
tutes, but with little success. Lawes and Gilbert saw 
that the mixture of ash constituents and nitrogen 
compounds would form an effective and more con- 
centrated substitute, obtainable in very large quanti- 
ties, and of course independently of farmyard manure. 
Vast deposits of calcium phosphate were known, and 
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Fic. 1.—EFFECT OF FERTILISERS ON THE GROWTH OF WHEAT. 

The left-hand sheaf is the produce of the unmanured plot, the others show 

the effects of successive increases in the fertiliser given. 

large quantities of ammonium sulphate were made in 
the manufacture of coal gas, while potassium compounds 
could be obtained without difficulty from wood ashes. 
Lawes and Gilbert therefore proceeded to extend their 
experiments with these substances, while Lawes set 
up the first factory for producing superphosphate. 
Farmers gradually came to recognise the value of these 
artificial manures, and before long they were using 
many thousands of tons a year. 

When the Lawes and Gilbert experiments began the 
ordinary yield of wheat was about 20 bushels per acre : 
before twenty years had elapsed it had become 30 
bushels per acre, and other crops had advanced in like 
manner. It cannot, of course, be claimed that the 
whole cause of the improvement lay in the artificial 
fertilisers, but this was one of the most important 
factors. 

The story of the nitrogen compounds in their réle 
of fertilisers reads almost like a romance. Lawes and 
Gilbert used ammonium salts obtained as a by-product 


in the manufacture of coal gas. Large quantities 
are now made every year; just before the war the 
world’s production from all sources (e.g. coke ovens, 
etc.) was approximately 1,400,000 tons per annum. 
At Rothamsted and at many other centres I ton of 
ammonium sulphate brings about an increase of some 
21 tons of wheat, so that the world’s production, if 
devoted entirely to this purpose, would at this rate 
be equivalent to 3,500,000 tons of wheat. The quantity 
sounds immense, but when the large and growing 
population of the world is considered, it is not really 
very great. But the ammonium sulphate cannot 
be given wholly to wheat; other crops—potatoes, 
sugar-cane, animal foods, etc.—all need supplies of 
nitrogen. 

A second source has long been known—nitrate of 
soda. This comes from Chile, and just before the war 
the world’s consumption was 2,600,000 tons per annum. 
In some cases this material is better than, and in 
some inferior to, ammonium sulphate: on an average 
it is at least as good. The deposits are large, and the 
world could look forward with confidence to the future 
if they were inexhaustible ; but they are not, and 
although the life of the beds has been put at 200 to 
300 years, the period is not long in the history of the 
world. And as our own coal deposits must one day 
be exhausted, and with them the supply of ammonium 
sulphate, there is clearly the possibility that our 
present civilisation might perish solely for want of 
nitrogen compounds for the food of crops. 

It is a familiar story how Sir William Crookes im- 
pressed these facts on the community in his address 
to the British Association at Cardiff in 1890, and how 
in consequence of his own investigations and those of 
the technical chemists and engineers who followed him, 
methods were elaborated for preparing nitrogen com- 
pounds from the air. Although this discovery also 
made possible the prolongation of the Great War, and 
was indeed used for that purpose, its beneficent effects 
are now showing themselves in the enormous develop- 
ments taking place in the supply of artificial manures 
for human food crops. 


Atmospheric Nitrogen 


The best known of the new compounds is calcium 
nitrate, made in Norway by passing air through an 
electric arc and oxidising the resulting oxides of nitrogen 
and absorbing them in water, with formation of nitrous 
and nitric acids. The mixture is fully oxidised and 
neutralised with lime to produce calcium nitrate. 
The pure substance readily absorbs moisture from the 
air—a character which would be objectionable—an 
impure product is therefore sent out free from this 
undesirable feature. This product, known as nitrate 
of lime, has proved very valuable as a fertiliser, and 


ee 
ba 


there | 
of nit1 
requir 

A si 
calciur 
carbon 
furthe: 
calciur 
fertilis 
give 1 
This f 
unfort 
it is di 
substa 





the in 
(Switze 
plants 
could © 
scrappe 
made t 
It is tc 
It has 
urea or 
or in ac 
A th 
process 
cheapes 
perime! 
fertilise 
known 


QINP TTR Ne 


ntities 
ir the 
ovens, 
num. 
on of 
some 
on, if 
> rate 
ntity 
owing 
really 
annot 
atoes, 
ies of 


ite of 
e war 
num. 
id in 
erage 
d the 
uture 

and 
00 to 
f the 
» day 
nium 

our 
it of 


; 1m- 
dress 

how 
se of 
him, 
com- 

also 

and 
tects 
lop- 
ures 


‘jum 
1 an 
gen 
rous 
and 
‘ate. 

the 


this 
rate 
and 


7 RNR! 7 


os oh eed 
e. SRS | 


Asn 


DISCOVERY 123 


there is no question that it would serve as a source 
of nitrogen for all crops. Unfortunately the process 
requires considerable electric power. 

A second method gives cyanamide. In this case 
calcium carbide is first formed by heating lime and 
carbon in an electric furnace; the carbide is then 
further heated in an atmosphere of nitrogen, when 


calcium cyanamide is formed. This is not itself a 


fertiliser, but it rapidly breaks down in the soil to 
give urea, which further decomposes to ammonia. 
This process requires less power than the other, but 
unfortunately cyanamide has disadvantages as manure : 
it is dusty and unpleasant in use ; is apt to contain a 
substance toxic to plants, and does not invariably give 


seasons there is little, if anything, to choose between 
them ; in drier conditions the chloride is somewhat 
less effective than the sulphate. The chlorine ion bears 
possibilities of harmful influence on plants ; when its 
concentration exceeds a certain value, both the yield 
and the quality of the crop suffer. These technical 
difficulties, however, are not insuperable, and the 
catalytic process remains as an effective contributor 
to the supply of nitrogen fertilisers. 

Prior to the war the consumption of nitrogen fer- 
tilisers had doubled in ten years and the output had 
practically kept pace: since the war there has been 
serious dislocation in agriculture involving reduced 
consumption, but the productive capacity had more 





Fic. 2.—EXPERIMENTAIL WHEAT FIELD, BROADBALK, ROTHAMSTED. 
Showing plots on which fertilisers are tested. 


the increased crop expected. In Central Europe 
(Switzerland, Germany, etc.) there are large cyanamide 
plants put up for the purposes of the war, but which 
could not without serious financial disturbance be 
scrapped ; very vigorous attempts are therefore being 
made to overcome the disadvantages of this material. 
It is too early to say what results may be attained. 
It has been proposed to convert the cyanamide into 
urea or into ammonium salts, which could be sold alone 
or in admixture or combination with phosphates. 

A third method gives ammonia direct by a catalytic 
process, and from the fertiliser point of view the 
cheapest product would be ammonium chloride. Ex- 
periments are in hand at Rothamsted to determine the 
fertiliser value of this salt as compared with the well- 
known ammonium sulphate. In wet districts and wet 


than doubled in less than the ten-year period. Reliable 
estimates of the world’s production capacity in 1903, 


IgI2, and 1920 are: 
1903. IgI2. 1920. 





Productive 

Output. Capacity. 

Long Tons. Long Tons. 

Chile nitrate 1,429,150 2,586,975 2,966,061 
By-product sulphate 

of ammonia 540,200 1,229,773 2,015,440 
Fixation industry: 

Cyanamide , ; Nil 126,538 1,777,000 

Arc process ‘ . Nil 75,000 254, 300 

Catalytic process Nil Nil 1,503,000 

1,969, 350 4,018,286 8,515,801 





Although many technical problems remain to be 
solved, it does not appear that any anxiety need be 
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felt as to supplies of nitrogen for fertilisers in the 
future. 

The phosphatic fertilisers have an equally interesting 
history. Their value was predicted by Theodore de 
Saussure 120 years ago. During the first half of the 
nineteenth century the need was exclusively supplied 
by bones ground and added to the fields and pastures 
of England. When the demand became greater than 
the supplies from kitchens and butchers’ shops of this 
country, there were large imports from abroad. It 
was said—and in view of the sources of supply it might 
be difficult to refute the tale—that the Continental 
battlefields were worked over to provide bones for the 
English market, and in one of Liebig’s characteristic 
outbursts he anathematises England for her in- 
satiable greed in hanging like a vampire round the 
neck of Europe, sucking the life-blood from the 
living and not sparing even the bones of the dead. 
It was Lawes’ first experiment at Rothamsted that 
did away with the necessity for finding new sources 
of bones. 

Geologists in the early forties had found large deposits 
of calcium phosphate in Spain and elsewhere on the 
Continent, and in the Eastern Counties of this country ; 
in 1843 Lawes showed that while these had little, if 
any, direct fertilising value, they became immediately 
effective if treated with sulphuric acid. Inthe chemical 
terminology of the day the product was called super- 
phosphate of lime—a name which it still retains. This 
is now made in enormous quantities, the production 
exceeding 10,000,000 tons per annum. 

Many years later—in 1884—it was shown that the 
slag obtained in the basic Bessemer converter had 
high fertiliser value, and right up to 1914, and indeed 
to some extent even yet, this slag was used with great 
effect on the grasslands of the country. But with the 
suppression of the Bessemer converter by the open 
hearth there has come a change in the nature and 
properties of the slag, necessitating careful technical 
experiments to find how the new material can best 
be used in agriculture. 

It has been stated above that Lawes found the raw 
mineral phosphate to be ineffective as fertiliser. Further 
work has shown that this is largely a matter of fineness 
of grinding. With the highly efficient mills now avail- 
able mineral phosphates can be ground so finely that 
some at any rate have high fertiliser value under 
certain conditions. In the Aberdeen district it has 
been shown that some of the mineral phosphates may 
be almost as effective as superphosphate. It does not 
appear that ground phosphates would generally prove 
as useful as superphosphate or basic slag, but there 
is evidence that in some conditions they are almost as 
good, and in many conditions they would find a useful 
place in the fertiliser scheme. 


World Supplies of Phosphates 


At present fears of phosphate exhaustion are remote. 
There are great deposits controlled by France in North 
Africa where the limits of the beds are not yet known ; 
there are also large deposits in the United States. 
But, curiously enough, the deposits are very local ; 
the far-flung British Empire contains none of import- 
ance so far as is known, beyond a few islands, the most 
familiar of which is Nauru. The African and United 
States deposits are being drawn upon to the extent of 
6,000,000 tons per annum, and one wonders what will 
happen when the pressure of scarcity begins to be felt, 
as it inevitably must be. One could picture mankind 
struggling against phosphatic scarcity, suffering physical 
disease and mental deterioration as supplies diminished 
and became less and less able to solve the problem as 
the need became more and more urgent, till the final 
degradation and collapse of civilisation. But history 
shows that things never turn out as badly as might be 
feared, and we may be sure that some way will be 
found to overcome the difficulty. 

Space does not permit more than a brief reference 
to the potassic fertilisers : these came exclusively from 
Germany before the war, but in part from Alsace now. 

We must, however, turn to the work the agricultural! 
investigator is called upon to do in connection with 
these various fertilisers. The general fact that fer- 
tilisers increase crop yields needs much modification 
when one descends to particulars. Weather condi- 
tions profoundly affect the response of crops to artificial 
fertilisers. One and the same fertiliser mixture which 
in one season gives results fully equal to, or even 
surpassing, those of farmyard manure, may on the same 
farm, and even in the same field, prove a failure in 
another season. The effect of soil is equally sharply 
marked. 

Statisticians have during recent years been evolving 
methods for dealing with cases where several factors 
vary simultaneously. These methods have been applied 
by Mr. R. A. Fisher to the Rothamsted field data. 
He has been able to trace certain statistical regu- 
larities which foreshadow the possibility of important 
developments. Up to the present four factors causing 
variation have been disentangled and expressed 
quantitatively: they are slow changes in the field— 
such as changes in the amount of weeds, etc., deterior- 
ation of soil, weather changes, such as rainfall, etc. 

The statistical studies, combined with the results 
obtained by the soil and plant investigators, open up 
the possibility of predicting crop yields when weather 
and soil conditions are known; not indeed with 
absolute certainty, but with a specified degree of 
probability. Once this could be done, it would be 
possible to draw up tables showing the expectancy of 
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crop yields under given conditions, which could form 
the basis of insurance against low yields in the same 
way as mortality tables form the basis of ordinary 
ife insurance. 


Artificial Farmyard Manure 


In spite of their great value in agriculture, the 
artificial manures have not proved quite as efficient 
over a period of years as farmyard manure ; there has 
been more variation in yield, and they have not main- 
tained the fertility of the soil so well as farmyard 
manure. The causes of this remarkable result are 
being worked out, but in the meantime a successful 
attempt has been made to find a solution of the farmer’s 
problem and obtain more farmyard manure. Economic 
conditions prevent the making of farmyard manure 
in the usual way ; it has been prepared at Rothamsted 
from straw by the agency of organic organisms and 
without the intervention of animals. Straw is watered 
with an ammoniacal solution (actually ammonium 
sulphate, but calcium carbonate is mixed with the 
straw), and the heap is kept moist so that the 
air can get in. The organisms then break down 
the straw and convert it into a black product 
looking very much like ordinary farmyard manure 
but without smell. This artificial farmyard manure 
is not yet equal to the natural substance, but it is 
steadily being improved and the very serious diff- 
culties are gradually disappearing in Mr. Richards’ 
capable hands. Five years ago a few ounces only of 
this artificial farmyard manure had been prepared ; 
last year several thousand tons were made on different 
farms in various parts of the country. The serious 
problem of developing the work from the laboratory 
to the farm scale was possible through the generous 
and public-spirited action of Viscount Elveden. There 
seems here the probability of valuable aid to the farmer 
and of the development of an important new industry. 

Some extraordinarily interesting results have been 
obtained by following up the discovery that farmyard 
manure and other organic substances of like nature are 
ineffective as fertilisers till they have been broken down 
by micro-organisms in the soil. Indeed, it may safely 
be said that the population living in the upper 6 inches 
of soil is as important to us as the larger and more 
familiar population of animals living on the surface of 
the earth. 


BACTERIA AND THE SOIL 
In the next issue of DISCOVERY will be published an article by 
P. H. H. Gray, M.A., of the Rothamsted Experimental 
Station, which will relate some of the results referred to by 
Sir E. J. Russell in his final paragraph. It will deal particu- 


larly with the utilisation for food of such disinfectants as 
carbolic acid by the bacteria of the soil. 
of this subject to agriculturalists can scarcely be over-ecm- 
phasised.—Ep, 


The importance 


A Dimensional View of 
Music 
By E. F. Bozman, M.C., B.A. 


EVERYONE who listens analytically to music must be 
at times lost in wonder that the reverse process is 
possible—the process of synthesis from entirely in- 
tangible materials, within very few fixed laws, of a 
real and living entity which takes form as a musical 
composition. From the analytical point of view it is 
apparent that the three essential ingredients of musical 
matter are melody, harmony, and rhythm ; these we 
may term the three dimensions in music, arbitrarily 
chosen as are the three dimensions in space, having an 
independent existence not in any concrete sense, but 
only in the mind of an observer. Music can be built 
up from these three factors, each of which may be con- 
sidered as almost independent of the other two—almost, 
but not quite, for harmony can be thought of as having 
developed ‘‘contrapuntally,’’ from the interlacing 
of several melodic forms, and conversely melody can 
be regarded as having arisen from some such essenti- 
ally harmonic structure as a “‘scale.’”’ But whatever 
their origin, they have now grown to a strongly inde- 
pendent existence, and are at the disposal of the com- 
poser for him to mould to his design. 





The Essence of Music 

Melody is to music what line is to art ; we can almost 
see the powerful lines of a Bach fugue, or the delicate 
tracery of a Mozart theme. Harmony is the colour 
of music ; a rich chord impinged suddenly on a purely 
melodic passage gives the same shock of pure delight 
as is given by a daring splash of bright colour. Debussy 
knows how to administer these “ cool, silvery shocks ”’ 
more effectively, perhaps, than any other composer. 
And rhythm—we can carry the analogy no farther, for 
herein lies the vast gulf which is fixed between music 
and the other arts ; music is dependent on the factor 
of time both in the conception and in the performance, 
is sequential, and has no meaning or existence apart 
from its beginning and its end, whereas the picture 
is static. Music is a cinematographic sound-picture, 
and rhythm is of its very essence ; rhythm is, indeed, 
the groundwork and basis of musical art, the elementary 
structure on which the musical web is woven. 

Let us assume, then, that melody, harmony, and 
rhythm are such stuff as music is made of, that they 
together form the whole. They, can, of course, be 
exploited individually, as, for example, melody was in 
the ballads of twenty years ago; harmony in the 
organist’s vague improvisations which float through 
many a dimly lit church on Sunday evening ; rhythm 
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in the jazz band: but the vast bulk of music which 
has stood the test of time contains an admixture of 
all three. The question we want to propound here is, 
have we, in order to explain the rather abrupt change 
or development in modern music, as opposed to 
classical, to add another factor to these three, or are 
we still within their bounds ? Has a fourth dimension 
invaded the realms of music ? 


The Problem of Tuning 


Before answering this we must consider some of the 
other facts of the case. The composer, in building his 
structure out of melody, harmony, and rhythm, is not 
limited by the innumerable combinations he can make 
out of these individually permutable elements—he can 
further diffuse his subjects among all the vast numbers 
of instruments of transmission, the voices, strings, 
winds, reeds, and brasses. Now these instruments all 
have very fundamental differences which arise largely 
from their different methods of tuning, and from the 
different overtones which they unavoidably produce. 
Let us consider for a moment the piano and the violin. 

The tuning of the piano is a compromise by necessity 
from its rigid construction, for any one note has to do 
duty in all possible scales. Middle C must be the 
tonic in the scale of C, the major third in the scale of 
Ab, the dominant in the scale of F, andsoon. It can 
only be nearly right for all these at once. Simple 
mathematics will show up this weakness of the piano 
in a very striking manner. The relationship between 
notes which combine to form a musical consonance is a 
simple arithmetic one; thus octaves bear the ratio 
2:1, fifths the ratio 3:2. Now, if we start from the 
bottom A of a piano and impose fifth on fifth, we 
shall after twelve such intervals of a fifth arrive at 
top A, a super-octave of the note we started from, 


thus: 
A E B Fs Ce Gs E> Bh F C GOD A.-, 


. . . 12 . 
This process gives us an interval 2 which should 
2 


represent a multiple of an octave, i.e. a power of 2. 


But 3 can never equal 2” where x and y are integers, 


so that a piano, by virtue of the problem it has to face, 
can never be exactly in tune. 

The violin presents quite a different problem, for 
here the player can alter his C slightly at will, to suit 
the scale he is playing, and is only prevented by an 
imperfect ear or faulty technique from being always 
perfectly and mathematically in tune. His overtones, 
too, are variable by his use of the bow, while in a piano 


1 This interval works out actually to 129°7 instead of 128, 
which would accurately represent seven octaves. 


the string is struck at a fixed point which determines 
a ‘“‘node ’’? for that string once and for all. Thus there 
arise two different systems of tuning—‘“‘ equal ”’ (or 
compromised) tuning and true tuning—which give 
another variable factor to music ; may we call it the 
fourth musical dimension ? 


The Trend of Modern Music 


To revert to our modern music. The music of to-day 
does not probably make much conscious use of this 
fourth dimension. From a practical point of view 
music still exists fundamentally on melody, harmony, 
and rhythm, and its chief distinction from classical 
music arises from progress rather than revolution. 
Harmonic forms are less restricted, the use of harmony 
and rhythm is more fully understood—consider Ravel’s 
perfect mastery of rhythm—and modern ears are 
trained to appreciate more obscure melodies. The 
modernism of Schonberg and Bax are presaged in 
Schumann and Bach, but the former can write for a 
more highly trained audience, can make elisions and 
“musical assumptions ”’ which would have been un- 
lawful at an earlier stage in the development of the 
art. Modern orchestras are more varied. But the 
finer shades of dissonance are asserting themselves, 
and composers already appreciate the fact that com- 
binations which sound right on the organ or piano, 
sound wrong on the orchestra, and vice versa. Quarter- 
tones are being talked of, and there can be little doubt 
that, as ears become more finely developed, the question 
of tuning will be an all-important factor. 

This point may be illustrated roughly in another 
way. The extraordinarily thrilling effect of a number 
of violins in unison must have been felt by many—an 
effect which cannot be produced by any mechanical 
magnification of one violin. This, then, must be due 
to the fact that all the violins are slightly out of tune 
with each other, and the ear appreciates only sub- 
consciously this fine shading. The curious jar of a 
piano or an organ in a concerto is another example 
of the same effect. 

This clash of sounds of different shades rather than 
of different pitch undoubtedly plays a most important 
part in the emotional appeal of music, but this brings 
us to an aspect of music which is quite outside the 
scope of this article, an aspect which avowedly 
remained a mystery to Beethoven and Wagner them- 
selves. For above and beyond the phases which 
we have attempted to analyse lies the great power 
which music has in common with all art, of transcend- 
ing the substance whence it is created, and reaching 
to the secret places of the heart. 

* A string vibrates in segments, the points of maximum 
oscillation being divided by points of rest or minimum oscilla- 
tion called “‘ nodes.’’ 
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Crystal Gazing Ancient 
and Modern 


By W. R. Halliday, B.A., B.Litt. 


Professor of Ancient History in the University of Liverpool 


A FAVOURITE method of foretelling the future, and one 
which has enjoyed a considerable continuous popu- 
larity, is the observance in a mirror or bright object 
of past, present, or distant happenings. The most 
usual instrument to-day employed for this purpose is 
the crystal, but the place of the ball of glass may 
equally well be taken by a bowl of water, a pool of 
ink, oil, or fluid, a smear of lamp-black, a mirror or 
bright metal object, or, I imagine, a bright light. For 
the function of the instrument in reality seems to be 
the induction of a hypnotic state by prolonged con- 
centration of the eyes upon some bright or dazzling 
object. This physiological phenomenon is perhaps in 
part responsible for the magical powers attributed to 
crystals by Australian natives and other primitive 
peoples. I believe that in modern spiritualistic theory 
no particular magical efficacy is attributed to the crystal 
itself, and that the normal practice is for the clatr- 
voyante, after being placed in rapport with the object of 
inquiry (e.g. by being given some article associated with 
the person about whom inquiry is being made), to throw 
herself into a hypnotic state by gazing at the crystal 
and in this condition to exercise her mediumistic 
powers. Viewed historically, this is but a recent 
theory of the efficacy of crystal gazing, which seems 
originally to have been based upon the supposed magical 
property of the instrument in which the reflection of 
the future appeared rather than upon the peculiar 
sensitiveness of the operator in a hypnotic condition. 
In modern practice it is usually the clairvoyante alone 
who sees the vision ; in the earlier history of the rite it 
is more usually the inquirer himself who sees it, thanks 
to the magical power of the crystal or of its possessor. 
The magical crystal, however, has not completely dis- 
appeared. In 1909 the newspapers reported a coroner’s 
inquest upon the wife of a Cardiff postman, who com- 
mitted suicide by inhaling gas. Evidence was given 
that the unfortunate woman had recently returned 
from a visit to a fortune-teller, and had told her step- 
father that, ‘‘ when she asked me to look in the crystal, 
I saw myself seated in a chair deliberately committing 
suicide with gas.’’ Here the inquirer herself looked 
into the magic mirror and received the fatal suggestion 
upon which she acted. 

With the magic mirror is connected the magical well 
in which distant objects or events may be discerned 
or the death or recovery of sick persons be revealed. 
Such waters of divination were known in classical 
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antiquity. At Tanarum in Greece there was a well 
in which people who looked into the water could see 
the harbours and the ships. Unfortunately a woman 
defiled the spring by washing dirty clothes in it and, 
when Pausanias visited it in the second century after 
Christ, it had consequently lost its magical properties.! 
Anyone who looked into the water of a spring of Apollo 
near Cyaneze in Lycia would be shown whatever he 
wished to see. A murror-spring at Constantinople, 
which presumably possessed similar qualities, is men- 
tioned in the seventeenth century by the Turkish 


traveller Evliya.? 


The Holy Well 


At the sanctuary of Demeter at Patre in the Pelo- 
ponnese was a holy spring which in classical times 
foretold the event in cases of sickness. A mirror was 
let down by a fine cord so that it just grazed the top 
of the water. (With this artificial improvement of 
the reflective powers of the water we may perhaps com- 
pare the practice of finishing the surface of the bowl 
of water used for divination with oil, an instance of 
which is mentioned below.) The inquirer prayed to 
the goddess, offered incense, and then looked into the 
mirror in which he would see the sick person reflected 
alive or dead. In the second century of our era Lucian 
narrated a similar wonder in his Veracious History, 
a satirical parody of histories based upon travellers’ 
tales. In the palace of the King of the Moon his hero 
Saw a great mirror over a well of no very great depth. 
If one goes down into the well one hears all that is being 
said amongst us here on earth, and if one looks in the 
mirror one sees all cities and nations. He tells us 
that he himself saw his relatives and all his native land, 
and adds that ‘‘ whoever does not believe that it is 
so, if ever he goes to the place, will know that I am 
speaking the truth.’’ The magical mirror-well is not 
unknown to English folklore. For instance, girls who 
walk backwards on St. Mark’s Eve to the Maidens’ 
Well at North Kelsey, in Lincolnshire, and then three 
times round it, are able to see reflected in the water 
the features of their future husbands. 

Both in classical antiquity and in modern folklore 


1 It is acommon belief that the magical properties of elements 
or objects may be destroyed by impure or improper use. For 
example, in Axo, a village on the Cappadocian plateau, I 
was told in 1910 that there had formerly been a curative 
spring (ay:acua) below the tomb of St. Macrina, which is a 
local centre of pilgrimage (see Carnoy and Nicolaides, Tvradi- 
tions Populaires de l’ Asie Mineure, p. 204). When I was there, 
the cistern, into which it had trickled from the rock, was Cry and 
the cause was said to be the action of a renegade woman who 
had turned Turk. She washed her baby in the water, where- 
upon it had ceased to flow. 

2 Von Hammer, Narrative of the Travels in Europe, Asia, 
and Africa in the Seventeenth Century by Evliyaé Efendi, 1, 


li, p. 46. 
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the magical mirror, a more portable and convenient 
instrument, has performed functions similar to those 
of the magical well. Apuleius, the famous author of 
The Golden Ass, who was brought to trial on a charge 
of magic in the second century after Christ, was 
accused inter alia of using a magical mirror. In the 
seventeenth century Glanvil reports how Dr. Compton, 
asked by Mr. Hill whom he desired to see, took up a 
looking-glass that was in the room and showed him 
his wife in it.1. It is a common English superstition 
that upon St. Andrew’s Eve maidens may behold the 
faces of their future husbands reflected in their mirrors. 

Instead of a looking-glass, a receptacle containing 
liquid may be used. Thus in the Acharnians of Aristo- 
phanes, which was first put upon the stage in 425 B.c., 
the fire-eater General Lamachus and Diczopolis, the 
hero of the party of peace-at-any-price, divine against 
each other. Lamachus pours oil into the hollow of 
his shield and reports the vision of his opponent being 
punished as a deserter ; Diczopolis pours honey on 
his plate and sees in it his happy and prosperous self 
trouncing Lamachus. A well-known Cornish wise man 
of the first half of the nineteenth century detected 
thieves by showing their faces in a tub of water, and 
a certain Scotch magician named Willox possessed a 
magic stone which he dipped into a basin of water in 
which the thief’s face was then reflected. I think I 
am right in saying that the celebrated Dr. John Dee, 
who certainly also employed a magic mirror, made 
a similar use of his holy stone which is now in the 
British Museum, but I cannot recall the source of my 
information. 

All these examples are similar in so far as the desired 
information is directly reflected in the instrument 
employed. The process is frankly magical, and its 
efficacy depends upon the magical property of the 
instrument, the magical powers of its possessor, or the 
magical season at which the inquiry is made. 


Calling Up Spirits 
This direct method, however, 1s too simple for more 
sophisticated patrons of superstition, and both in later 
classical antiquity and in the divinatory practice of 
Christendom and Islam a more elaborate theory became 


popular. According to this the water, ink, mirror, or 


1 Joseph Glanvil (1636-80) was chaplain to the Provost of 
Eton in 1658 and a staunch upholder of the Commonwealth. 
His political opinions, however, underwent a change upon the 
accession of Charles II, and his published recantation pleasantly 
entitled The Vanity of Dogmatising gained him a Fellowship 
of the Royal Society. He was a friend of the Caroline anti- 
quaries Aubrey, Lilly, and Anthony a Wood, and he became 
chaplain to Charles II. His Sadducismus Triumphatus is the 
definitive edition of his series of writings as a convinced sup- 
porter of the reality of witchcraft and the existence of witches 
against the enlightened doubts of Webster and Reginald Scot. 


similar instrument merely serves as the vehicle for the 
manifestation of some divine or spiritual agency. The 
spirit of a dead man, a god, a Jinn, or an angel is in- 
voked, is often made to manifest itself in the crystal or 
mirror, and then either causes a picture of the required 
information to be reflected, or itself directly answers 
or in some way indicates the answer to the questions. 
In later classical antiquity, when various forms of 
necromancy enjoyed an especial popularity,the spiritual 
agents invoked were often the spirits of the dead, and 
in one passage St. Augustine speaks of hydromancy 
(i.e. divination by a bowl of water) and necromancy as 
convertible terms.2. More usually the agents were 
gods or spirits. Thus St. Augustine explained to his 
own satisfaction the legend that Numa, the reputed 
founder of Roman religious institutions, received divine 
assistance from the water-nymph Egeria, by supposing 
that God permitted him “ to see in water the images of 
gods or rather the mockeries of demons ”’ from which 
he acquired his ordinances. The magical papyri some- 
times give instructions for the variations of ritual 
procedure proper to the various kinds of spirit invoked. 
‘“When you wish to be informed about matters, take 
a brazen vessel or dish or phial of any shape you like 
and put water in it. If you invoke the heavenly gods, 
rain water, if the earthly, sea water, if Osiris or Serapis, 
river water, if the dead, spring water.’’ In the magical 
prescription here quoted the god, upon his appearance, 
is asked the questions and directly answers them. 
An instance of prophecy by a boy contemplating a 
reflection of the god Mercury in a bowl of water is 
attested by Varro in the first century B.c. Mechanical 
devices were sometimes employed by charlatans to 
produce the appearance of the god or spirit in the bowl, 
and the Christian Father Hippolytus, in the third 
century, refers to such pieces of conjuring apparatus. 
In some cases, however, the image of a god was openly 
engraved upon the bowl as part of the ritual and with 
no intent to deceive by a fictitious apparition. Thus 
in one of the magical papyri ‘‘ You take a bowl of 
bronze, you engrave a figure of Anubis in it, you fill 
it with water . . . you finish its surface with fine oil, 
you place it on three new bricks, their lower sides being 
sprinkled with sand ; you put four other bricks under 
* The Byzantine scholar Tzetzes similarly thought that the 
visit of Odysseus to the Lower World (see DISCOVERY, iv, p. 9) 
was a‘ poetical embroidery on the fact that Odysseus had really 
consulted the ghost of Teiresias by hydromancy. In Turkish 
Constantinople there was a Well of Souls which would answer 
any question save those relating to the five hidden things, 
which, as the Prophet declared, nobody knows but God. 
(One of these is the sex of the unborn child ; what the other four 
are I do not know.) Evliya himself tested its power success- 
fully. Its name suggests that spirits of the dead were agents; 
on the other hand, the preliminary prayers were devoted to the 
merit of the Prophet Yussuf (Joseph). (Von Hammer, op. cit., 


I, il, p. 34. 
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the child, you make the child lie down upon his stomach; 
you cause him to place his chin on the brink of the 
vessel ; you make him look into the oil, he having a 
cloth spread over his head, there being a lighted lamp 
on his right hand and a censer on his left.””. Further 
ritual preliminaries follow. ‘‘ When you have finished, 
you make the child open his eyes, you ask him saying 
‘Is the god coming in ?’ If he says ‘ The god has come 
in’ you recite before him ’’—an incantation of the 
ordinary type (see DISCOVERY, iii, p. 99) here follows— 
“you ask him concerning that which you desire. 
When you have finished your inquiry, which you are 
asking about, you call to him seven times: you dismiss 
the god to his home.”’ 


A Yorkshire Incantation 


In Christian Europe angels or devils have been the 
agents most usually invoked. Thus a Yorkshire wise 
man used the incantation ‘‘ I command ye, exorcise ye, 
the archangels Michael and Gabriel, that ye make Mark 
Jobling’s shop to appear in the glass and also the like- 
ness of the thief or thieves so that they may be seen 
and identified.’’ On the conclusion of the incanta- 
tion, he said, ‘‘ Presto! quick begone!’’ whereupon 
Mark Jobling’s shop and the thieves appeared in the 
glass. Similarly in the formule for divination by 
the crystal or the phial of holy water, which are quoted 
in Reginald Scot’s Discoverie of Witchcraft, the spirits 
first appear and then conjure up the required scene. 
In Mohammedan countries the place of angels or 
devils is naturally taken by Jinni, who give information 
sometimes by the indirect method of causing a reflec- 
tion of a required scene and sometimes by direct 
answer like the gods of the magical papyri. Thus an 
Arab magician in the’ Malay Peninsula invoked a 
little old Jinn into a bowl of water into which a written 
charm had been dipped. The Jinn first appeared and 
then caused a pictorial reflection of the event required. 
In the Panjab the normal instrument seems to be a pool 
of ink dropped upon a written charm in which a small 
boy is instructed to gaze. He summons first the Four 
Guardians. When they appear he instructs them to 
summon their King. When the King appears the 
questions are put to him and answered by him through 
the child, who alone hears or sees the spirits.! 

A similar and even more elaborate procedure re- 
corded by Professor Browne in Persia is of particular 
interest, because his informant had himself taken part. 
‘“Now you must know that the operator cannot him- 
self see the force of the Jinn whom he evokes: he needs 
for this purpose the assistance of a young child. I then 
being quite a child was selected as his assistant. The 
magician began by drawing a talismanic figure in ink 
on the palm of my hand, over which he subsequently 


1 Crooke, Herklot’s Islam in India, p. 264. 


rubbed a mixture of ink and oil, so that it was no 
longer visible. He then commenced his incantations : 
and before long I, gazing steadily, as I had been in- 
structed to do, into the palm of my hand, saw reflected 
in it, as it were, a tiny figure which I recognised as 
myself.’’ This figure he was told to address in a 
peremptory manner and bid it summon the King of 
the Jinni. A second figure then appeared, but the boy 
became frightened and rubbed the ink off his hand. 
Another boy was, however, procured to take his place. 
After the King of the Jinni had appeared, his Wazir 
was summoned and then the other members of the 
Royal Council of the Jinni, and they were bidden to be 
seated. The operator then took slips upon which the 
names of members of the household were written: 
as he took up each slip the boy looking into the ink- 
mirror read therein the name which was written upon 
the slip until one was reached, when the boy, instead 
of the name, could only see the text “‘ In the name of 
God, the Merciful, the Clement.’’ The name upon this 
slip indicated the person guilty of the theft about 


> 


which inquiry was being made.? 
BIBLIOGRAPHICAL NOTE 

A useful bibliography of the literature dealing with the use 
of mirrors in classical magic is given in Abt, Die A pologie des 
Apuleius von Madaura, p. 25. The references for most of the 
examples here given will be found in my little book on Greek 
Divination, pp. 150 foll. I have here quoted references only 
for the examples which are not there recorded. 


Forests and Fertility 
By Colonel H. de H. Haig 


It is one of the unfortunate results of civilisation that 
while it enables men to live in much larger numbers 
on the ground, they can only do so by annihilating other 
forms of life. In this way, man has ruthlessly destroyed 
trees to make his houses and to make way for his 
flocks, without considering what effect their destruction 
may have on the climate and resources of the region 
he lives in. This point never was considered until the 
increasing ill effects forced themselves on man’s notice, 
by curtailing his means of livelihood. It cannot be 
altogether accidental that where mountains and up- 
lands have been denuded of the forests which naturally 
clothed them, the results have always been destructive 
floods in the rainy season and shrivelled-up rivers in 
the dry. There may be other cosmic causes underlying 
these phenomena, but as the sequence always appears, 
the denudation of the trees must be at any rate a 
contributing cause, if not the main one. 

Most people have noticed that on the hottest day a 


2 Browne, 4 Year amongst the Persians, pp. 146-7. 
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growing leaf is always cold, the reason being that the 
plant has discovered exactly what amount of moisture 
it is necessary to evaporate from its pores to keep its 
temperature down. Humanity does exactly the same 
thing when it is properly acclimatised. In the hottest 
climates, the natives’ skins are normally as cold as a 
snake’s, whilst the visitor is streaming with useless 
perspiration, too profuse to evaporate. The plant 
has to absorb water through its roots from the ground, 
so that if it cannot penetrate deep enough to get 
sufficient moisture, it dies. The leaves of a tree are 
always cool and evaporating moisture, and it follows 
that every breeze that blows over them is cooled and 
moistened, which means that the dew-point has been 
lowered. If the wind now encounters a hill-slope, on 
blowing up it the dew-point is still further lowered by 
the chill caused, and rain is all the more likely to 
result. The ground also under the tree is shaded 
from the sun, and is therefore cooler and moister than 
if it were exposed. In addition, when rain falls, it is 
easily conducted down the holes made by the roots 
into the soil, and there is not so much left on the 
surface to run off or be lost in evaporation. 

In the other case, when there are no trees, the soil 
gets very hot and dry, and the herbage, having roots 
that do not penetrate so deeply, gets parched. Since 
the ground surface is caked, any rain runs off freely, 
and as the earth has been baked hot by the sun, there is 
much loss in evaporation. More than this, since the 
quantity of water running off is so much larger, its 
scoring and carrying powers are much greater. The 
result is that a great quantity of stones, earth, humus, 
and detritus is always swept off slopes that have been 
deforested, filling up and choking the river-beds, where- 
ever the slopes are too flat to enable the current to 
carry it farther. 

A good example of this is the port of Pisa. For 
fifteen hundred years at least, the mouth of the Arno 
was a port which supported a wealthy town. Later, 
the town grew into a state, rivalling even Genoa. It 
had colonies in Majorca and Minorca, an army and a 
navy with which it fought its neighbouring states. 


Effect of Cutting the Apennine Forests 


In the fourteenth and fifteenth centuries the 
Apennines became deforested, some say because it was 
believed that the devastating plagues of the Middle 
Ages were caused by trees, or it may have been to get 
more pasture for the growth of the wool which made 
Florence so rich and famous. At any rate the result 
was disastrous. The Apennine pastures dried up, the 
rivers rapidly rose in flood and carried more and more 
gravel down to the sea. The harbour of Pisa became 
choked and obliterated, the Pisans ignorantly blaming 
the Genoese for having done it in one of their raids. 


Now there are miles of unhealthy marshes between 
Pisa and the sea, and there is no harbour for even a 
row-boat to shelter in, and this is all traceable to the 
ground getting hard and caked in the absence of trees. 

Where there are forests the soil is filled with water 
which is kept cool, and, therefore, the springs are well 
supplied, keeping up the flow of the rivers for a longer 
time and at a higher level. At the same time the 
surface of the subterranean reservoir is kept higher, 
and the roots of plants and trees have a better chance 
of getting their necessary moisture from it. Without 
the forests, rain rushes off rapidly, causing severe floods, 
masses of gravel and detritus pour over fertile fields, 
followed by a rapid fall in the flood level. A shrivelled 
current is all there is for most of the year in a vast bed 
of gravel, which is quite useless for agriculture because 
it is covered with water so frequently. The sub- 
terranean reservoir falls then to a much lower level, 
and the surface plants and trees consequently suffer 
accordingly. 


Saturation Level 


In every country this subterranean reservoir exists 
at a greater or less depth below the surface. It is the 
level of saturation which, of course, varies from time to 
time according to the rainfall. At the sea, it coincides 
with the mean tide level, but it rises more and more 
on going inland, and it is the level to which wells must 
be sunk before water appears in them. It is caused by 
the rain, which is usually said to run off to the extent 
of one-third ; another third sinks in to form this reser- 
voir, and the remainder is lost in evaporation. When 
following a river valley, one often notices a line of 
springs appearing at a certain level; this is when the 
valley has been cut down to below the subterranean 
reservoir, which then forms a wet trough for it to run in. 
When the reverse is the case, the river loses a great 
deal of its water by its percolating into the dry soil 
around and beneath it. In the East this last is very 
common, so that rivers very often get smaller and 
smaller the farther they go, till at last they dry up 
altogether. 

We see now that the denudation of trees has cumula- 
tive ill effects which tend to reduce the fertility of the 
country. The reverse is also the case ; a large growth 
of forests has accumulative good effects tending to 
greatly increase the humidity of the air, the equability 
of the temperature, and the fertility of the region. The 
moisture in the atmosphere, largely supplied by leaves, 
has a very great, but often unnoticed, effect on a 
climate. The aqueous vapour is impervious to heat 
rays, unless they come from a greatly heated source. 
In fact, it acts in much the same way as glass. The 
heat rays from the sun pass freely through, but when 
the same rays are reflected back from the earth, the 
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glass or the water vapour acts asascreentothem. The 
atmosphere in this case is just a blanket like the roof 
of a greenhouse, with all the benefits which naturally 
accrue from it. This is the main reason why moist 
climates are so much more equable than dry ones. In 
a desert the day temperature often rises to 120 degrees 
or even 140 degrees Fahrenheit in the shade, while at 
night it may fall to below freezing-point. In a moist 
climate in the same latitude the daily range will be 
perhaps from 80 to 85 degrees shade temperature in 
the day, and 65 to 70 degrees at night. The hotter the 
climate the more marked are these effects. In the 
moist climate of Bengal, in the forested parts, the 
thermometer scarcely ever reaches go degrees in the 
shade, whilst at night it is rarely below 80 degrees. In 
the same latitude in Bikaneer Desert or in the Sahara, 
the temperatures have a diurnal range of perhaps 
70 degrees or 80 degrees instead of Io degrees, and this 
is entirely due to the presence of moisture in the air. 
It follows, then, that the hotter the climate the more 
careful man should be to preserve his trees, but 
unfortunately exactly the reverse is usually the case, 
either from ignorance, want of fuel, or shortness of 
pasture. 


Damage by Animals 


It usually happens that when a country is deforested, 
goats and camels are turned on to the land. Any live 
roots are speedily grazed out of existence, seedlings are 
destroyed, and the humus pulverised and scattered. 
Then the replanting is a difficult and expensive job. 
If it happens to be a country without summer rain, such 
as Sicily and the Mediterranean shores have become 
owing to the influence of the Sahara, no seedling can 
get its roots deep enough in one season to stand the 
desiccating effect of the summer drought, which may 
penetrate a couple of feet. Only the planting of 
young trees of larger growth can then be effective, at, of 
course, a much enhanced cost. The downward grade 
is cumulative ; the longer the replanting it put off, the 
more difficult and expensive does it become. 

One of the effects of deforestation is to accentuate 
the drying due to atmospheric circulation acting on 
the present distribution of water and land on our globe. 
The result is the menacing increase in the desert areas 
of the earth. 

Only lately it has been found that, notwithstanding 
all that we have done in Egypt with dams and canals, 
there is now a shortage of water! The Government has 
sent an expedition to examine the sources of the Nile, 
and to decide if anything can be done to increase and 
conserve them. 

Equatorial rains are usually very heavy, but they 
have a long way to run to reach Egypt. The loss by 
evaporation and by seepage on the way from Abyssinia 


is very great. As the countries through which the Nile 
runs gradually dry under the malign influence of the 
Sahara, so the level of the subterranean reservoir 
lowers, and the more is the loss to the river flowing 
above it. Once upon a time, when a race of palzolithic 
savages lived in Egypt, that country was blessed with 
abundant rainfall and luxuriant vegetation ; that is 
admitted by all geologists and archeologists. It is 
easily seen to have been the case by the valleys and 
gulleys cut by water which run down to the Nile, but 
are now dry. The famous Valley of the Kings, where 
Lord Carnarvon’s wonderful treasure tomb has been 
found, is a case in point. There a short stream, a 
few miles in length, has been so full and strong that it 
has been able to cut a channel at least two hundred 
feet deep in hard limestone rocks, leaving beetling 
precipices that once bordered the current, but now 
afford starting places for the tomb galleries. 

It is unfortunate that the animals that man domesti- 
cated in hot countries should have been the worst 
possible in abetting him in the destruction of trees— 
camels, donkeys, goats, all eat branches and leaves of 
growing trees as high as they can reach. What chance 
has a young tree of growing up ? The tall old ones die 
and are not replaced, so deforestation goes on apace, 
man in his ignorance being his own enemy. 


Not Yet Too Late 


Our task is to make our earth comfortably habitable 
for the largest number of human beings it can hold. 
To do this, it is of the greatest importance to cover the 
soil where possible with a canopy of leaves, so as to 
regulate the gradual distribution of the rain that falls. 
It is not yet too late for man to begin covering the waste 
places of the earth with trees. Probably, if left to 
themselves, many of them would regain their forests. 
In former ages, when all vegetation had been destroyed 
by cold and ice in glacial periods of continental ice, the 
forests regrew themselves time after time. Man can 
accelerate the process as was done by the late Lord 
Armstrong, who planted over three million trees with 
magnificent enterprise, when he was over fifty years of 
age. He lived to see many of them one hundred feet 
high and four feet in diameter. He proved that, by 
scouring the arboretums of the earth, it was possible 
to obtain much finer results than by trusting to the local 
growths. 

A great deal can be done in conserving our growth, as 
is shown by the fine foresight of a certain newspaper. 
It was found that trees of thirty years’ growth were 
suitable for paper, and that an area of so many acres 
was required for a year. Thirty times this area was 
bought in Newfoundland, one-thirtieth of it is cut every 
year and at once replanted. The water of a lake and 
waterfall is used to turn the wood into pulp suitable 
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for paper. There an enterprise was created which 
should go on indefinitely year by year. 

In Germany every slope that is too steep to plough, 
every acre too cold to farm, is planted with suitable 
trees. When cut, these are replaced by a definite 
rotation of varieties, and thus an immense and profitable 
industry brings benefit to the State. Every year, timber 
augments in price as the civilised population grows, 
and its appetite for wood is continually larger and 
larger. We are not far from a timber famine, so it 
behoves every Government to follow the good example 
set us by our late enemies, who now find, with a 
collapsed exchange, the enormous advantage of having 
a good timber supply at their own doors. 


The Improved 


Chromoscope 
By Daryl Klein 


THE chromoscope is not described in the dictionary. 
It has escaped the attention even of many who are 
tolerably well acquainted with the numerous -scopes 
one finds depicted in scientific textbooks. In optical 
research circles, the functions of this instrument are 
not uncommonly known. And it is true that its name 
gives a clue to its applicability. Nevertheless it has 
remained discreetly in shadow for some sixty years. 

In 1862, when the history of the chromoscope 
begins, we can imagine an observant optician gazing 
into a shop window. As he stands admiring its con- 
tents, the sun comes out, and great is his astonish- 
ment to see the traffic in the street moving, apparently, 
in the shop window. Fact or phantasy, wonderful 
enough in all truth to set him thinking, but a moment 
later behold him bewildered to observe a top-hat 
poised on the moment-since-bare head of a wax 
mannequin. 

It may be admitted that our optician was favoured 
in the form of his illusion, but nearly everyone can 
tell of the same experience. It arises, as the optician 
no doubt reasoned, from the fact that the window 
reflects as well as transmits light. The two images 
so produced appear coincident in space, although the 
rays which make the two objects visible reach the eye 
by quite different paths. 

This is the underlying principle of the chromoscope, 
a principle employed in “ Pepper's Ghost” and 
numerous other optical illusions which delighted 
Victorians. The shop window serves as a two-picture 
chromoscope, although perhaps not a very good one. 
It is clear that, if our optician had stood on the far 


side of the street, the hat on the mannequin’s head 
would have looked ridiculously small. In order to 
make both objects appear on the same scale, the optical 
paths by which they are viewed must be equa]. And, 
we can conjecture, it was this reasoning which led 
Ducos du Hauron in 1869 to construct the first chromo- 
scope intended for use in connection with three- 
colour photography. In Paris in the same year, 
Charles Cros described a ‘‘ photo-chromoscope ”’ which, 
according to him, would prove of considerable service 
in finding a “‘ solution du probleme de la photographie 
des couleurs.”’ 

For a reason which will be touched upon later, no 
further application for the chromoscope was found. 
F. E. Ives, whose name is associated with the 
‘original ’’ chromoscope (1895), was himself an advo- 
cate of its use in colour photography, and his simple 
design has served as a model for most chromoscopes 
constructed since. 

Fig. 1 shows the essential part of Ives’s instrument. 









































Fic. 1.—AN EARI,Y CHROMOSCOPE. 


A, B, and c are sheets of red, blue, and green glass 
respectively, on which the three positives are placed. 
H, D, and E are transparent mirrors, and the three 
positives are so arranged that the distance traversed 
by the light in passing from each positive to the eye- 
piece is the same. So that the three differently 
coloured images appear to coincide and give rise to a 
single-coloured image. 

It is conceivable that, using this method, we could 
build up an instrument to take almost any number 
of slides, but, if transparent glass murrors are em- 
ployed, a serious difficulty arises. Leflection takes 
place at both surfaces of the glass, and each image 
is therefore accompanied by a secondary image, 
slightly smaller and farther from the eye, and con- 
siderably fainter than the primary image. In the case 
of the three-picture chromoscopes, these images are 
not of very great importance, but the multiplicity of 
images arising from the cause in, say, a ten-picture 
chromoscope would be very distracting. In addition, 
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the loss of light by absorption would be considerable, 
and allowance would have to be made in constructing 
the instrument for the displacement of the images 
by refraction. 

These were the defects which prevented the further 
development of the chromoscope and its application 
to uses other than that for which it was originally 
devised ; and, indeed, it seemed likely that the chromo- 
scope would remain exclusively at the service of 
colour photography. 

Quite recently, however, Messrs. Adam Hilger, in 
the course of cunning research in optical fields of 
science, discovered that an extremely thin and tightly 
stretched film of celluloid served equally well as, in fact 
much better than, glass as a transparent reflector. 
Of a thickness little greater than the wave-length of 
visible light, its sensitivity was put to use in their 
optical synometer and various other instruments of 
Adam Hilger design. All the defects inseparable from 
the employment of glass mirrors were now eradicated. 
But it was not until Adrian Bernard Klein, artist and 
colour physicist, turned his mind to this discovery 
that its application to the chromoscope came to light. 

Adrian Klein, skilled in the matching and the music 
of colour, knew the defects of the chromoscope ; and, 
not slow to grasp the corresponding significance of 
optical celluloid, caused a ten-picture instrument to 
be built. In this instrument he made use of ten 
celluloid mirrors in which the formation of secondary 
images was successfully avoided. 

In this manner the chromoscope was freed from the 
shadow in which it had lain for sixty years, and its 
history entirely changed. 


New Developments 

An instrument enabling all sorts of coloured designs 
to be viewed immediately in any desired colour com- 
bination, the chromoscope now enters an indefinitely 
enlarged sphere of usefulness. It is called the ‘‘ Im- 
proved Chromoscope,’’ and its province, far from being 
limited to three-colour photography, covers textile 
printing, wallpaper printing, weaving, chromo-litho- 
graphy, and numerous other manufacturing processes 
which make use of coloured design. 

Before hinting at the possibilities in this field, we 
must first describe certain modifications in construction 
(apart from the celluloid mirrors) which now make it 
so comprehensive an instrument. These can best be 
understood by reference to Fig. 2, which shows a per- 
spective view of a ten-picture instrument. 

It will be seen that the instrument is divided into 
a number of compartments. Each compartment con- 
tains (Ss) a lamp the height of which can be adjusted 
so as to vary the brightness of the corresponding 
image ; (D) a piece of ground glass to diffuse the light 
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and to obtain even illumination of the positive: (N) 
a slot in which a holder containing the positive can 
be placed (a “ filter’’ of any desired colour can be 
placed between D and wn). In addition, each of 
the compartments on the right-hand side of the instru- 
ment contains a celluloid mirror (c) inclined at 45 
degrees to the horizontal, and (Mm) a horizontal silvered 
mirror. 

Considering the compartment nearest to the ob- 
server, it can be readily seen that the light passes 
through the filter to the positive. It is then trans- 
mitted through the celluloid mirror, reflected from the 











Fic, 2.—THE IMPROVED CHROMOSCOPE—OPTICAL SYSTEM. 


silvered mirror, and finally reflected from the under- 
side of the celluloid mirror to the eye-piece. The 
optical paths by which the remainder of the positives 
on the right-hand side are viewed can be traced in a 
similar way, and it will be seen that if the vertical 
distance between successive horizontal mirrors is half 
the horizontal distance between the successive in- 
clined mirrors, the conditions as to equality of optical 
paths will be fulfilled. 

The arrangement on the left-hand side of the instru- 
ment is slightly different, and the images are viewed 
from the eye-piece by means of two vertical silvered 
mirrors (not shown in Fig. 2), each making an angle 
of 45 degrees with the end of the instrument. 

With this brief outline of the optical system, we 
are now ready to see by what means the colours of the 
combined parts of the picture are altered. Taking 
the case of a calico print design, a separate drawing 
or impression is first made of each separate colour 


element. Irom these drawings, a set of lantern-slide 
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negatives is made. These negatives are then placed 
in the slides of the instrument, and colour filters, placed 
above them, change the light illuminating the various 
slides. A coloured representation of the design 1s 
thus arrived at, and the scheme of colouring is varied 
simply by changing the filters. Indefinite variation 
in colour and intensity is provided by a set of some 
ninety-five filters which, singly or combined with one 
another, cover the entire chromatic range ; and degrees 
of brilliancy are produced both by superimposing 
neutral-grey filters and by adjusting the height of the 
light-source. By these simple means it is possible to 
obtain any imaginable colour-scheme, and to brighten 
or tone down the component colours to any desired 
intensity. 


Colour Harmony Problems 


Let us now glance at the untilled fields which lie 
before this remarkable evolution of a mid-Victorian’s 
beholding in a shop window. 

Released by Adrian Klein’s ingenuity from limita- 
tions which have kept it uniquely associated with 
three-colour photography—in the shadows sixty years 
it emerges suddenly an instrument of great indus- 

agent designing a further 
sense of things artistic and 


trial value, an active 
development in our 
beautiful. 

The fact that the artist or designer can project a 
colour scheme in a few minutes, and change it again 
and again with a movement of the hand, is perhaps 
the most arresting function of this instrument. In 
all processes involving printing, painting, 
weaving—the presentation of the colour itself is gener- 
ally the most difficult and arbitrary factor—a factor 
change, and at 


colour 


exposed to misinterpretation and 


the mercy of the varying light under which the pro- 


cess is carried on. The painter, for instance, employs 
variable medium. His pigments, never so deftly 


transferred from the palette to his canvas, undergo 


a change during transference. He must mix and re- 
mix in order to repeat a certain shade or intensity. 
The light illuminating his canvas changes the painted 


The ever-changing 


. 


colours from moment to moment. 
conditions, chemical and optical, evade finality in his 
This finality, so earnestly desired by artists of every 


calibre—particularly by the ‘“‘commercial’’ artist, 


the realisation of whose painting must be final in 
woven form —is achieved by the Improved 


Here is provided for the first time a 


yinted {j] 
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means of fixing, altering, and refixing in steady 
vision patterned rays of decomposed light—colour 
whose presentation has hitherto been elusive and 


accidental. 


Apart from the artist and student, there are the 


commercial elders, the manufacturers, into whose field 
the Improved Chromoscope comes with quickening 
promise and increased powers. Chief among these is 
the textile printer. How aid might be given him 
suggested itself last year to Adrian Klein, who is 
adviser on colour physics to the Calico Printers’ Asso- 
ciation, Manchester, and we have seen that aid take 
shape. The suggestion came to him through direct 
observation of the conditions under which colour 
schemes for a textile print are produced. He saw an 
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‘ 


‘army " of artists engaged in making separate paint- 
ings for each of countless colour-schemes devised. 
He saw trial colourings made by painting a trial length 
The time wasted and 

to the same problem 


of countless separate schemes. 
fruitless labour set him thinking 
which intrigued our optician sixty years ago he applied 
and armed with inventive genius and the 
concurrence Of Adam Hilger’s celluloid 
made a ten-picture chromoscope, by 
which a textile printer unaided can observe his pattern 


himself 
fortunate 
mirrors, he 


in any number of colour combinations. 
fhe weaver, interior-decorator, 
architect, coach-builder, printer, and potter all range 


poster-designer, 


themselves in line with the commercial elders who 
can call on this invention to simplify their craft and 
render it more beautiful; and, last in these wide fields, 
the theatrical producer can summon it to aid him in 
his colour encircled scene Upot the stage. 
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Reviews of Books 


The Evolution of Climate. By C. E. P. Brooks, M.Sc., 
F.R.Met.Soc. (Benn Bros., Ltd., 8s. 6d.) 


This book gives an account of the principal changes 
of climate which have occurred upon the earth, from the 
earliest remote ages down to and including historic times. 
It may be a shock to many to learn that there was more 
than one Great Ice Age; in fact, there were several. 
‘One of the oldest known sedimentary rocks is glacial 
in origin, and indicated the presence of an ice-sheet at 
a very early stage in the earth’s history. This is a 
‘tillite or boulder-clay discovered by Professor Coleman 
at the base of the Lower Huronian (Early Proterozoic) 
of Canada. It extends in an east and west direction 
for 1,000 miles ’ (p. 32). Another Ice Age occurred 
just after the Coal Period, when the lost continent of 
Gondwanaland connected Africa, Asia, and Australia, and 
when the North Pole was in the Pacific Ocean. Before 
the onset of the last Ice Age, in which we live, there was 
a spell of ‘‘ remarkably mild and equable climatic con- 
ditions extending into comparatively high Jatitudes, so 
that the west coast of Greenland, for instance, had a 
flora of almost sub-tropical aspect...” (p. 42). It 
is with the last Ice Age that Mr. Brooks is chiefly con- 
cerned. He accepts, with reservations, the orthodox 
continental theory of several glacial phases, separated 
by milder periods, and he attempts to give meteorological 
precision to geological data. He says that the Chellean 
period ‘‘ probably ’’ occurred during the second (Mindel- 
Riss) interglacial period (p. 51), and he is careful at the 
same time to add in a footnote a warning that this is a 
subject of recent controversy (it is indeed! and not 
only in recent times). He regards the Mousterian period 
as falling in the next (Riss-Wurm) interglacial period 
(p. 63). He quotes evidence for a rainy period between 
1800 B.c. and A.D. 500, reaching its maximum about 
400 B.c. The evidence is of many kinds—historical, 
archeological, and botanical, the latter being the growth- 
tings of the giant Seguoias of America, some of which 
are 4,000 years old! 

For the book as a whole we have nothing but praise. 
It is a successful attempt to present in a readable form 
both facts and opinions. It is also a definite contribu- 
tion to the subject, for Mr. Brooks is a specialist who 
can also co-ordinate evidence; and he is therefore able 
to give his own dates to the cycles of changing climate. 
We miss the maps and some of the letterpress which 
appeared in his original article in the Quarterly Journal 
of the Royal Meteorological Society (vol, xlvii, 1921, p. 173); 
but no doubt conditions of space made it necessary to 
It will interest geologists, for there is 
much geological—or rather palwogeographical—evidence 
This is necessary because Mr. Brooks believes 
elevation 


exclude them. 


reviewed, 
the {last! Ice Age to have been caused by 
in high latitudes, and by changes in the land and sea 
distribution ’’ (p. 23). If the distribution of land and 
sea can be restored, the temperature can be ascertained. 
Mr. Brooks shows how, and claims with justice to have 


added precision thereby to the geographical theory of 
the Ice Age. (Clearly he would welcome that Atlas 
of Palezogeography for which we have pleaded, perhaps 
prematurely, but so far in vain.) It will interest meteor- 
ologists for obvious reasons. Indeed, the peculiar value 
of Mr. Brooks’s work is that he attacks old problems 
from a new quarter; and the history of science shows 
that that is how they have generally been solved. At 
the same time his knowledge of geological literature is 
immense. Archzologists will be interested because the 
varying influence of climate is of fundamental importance 
in the evolution of man. Finally, there is nothing in 
the book that the educated “ outsider’’ cannot under- 
stand, provided only that he has some notions of geo- 
logical time. 

But the book must be read critically. The author 
sometimes states as facts what are really only someone 
else's theories. That is partly, no doubt, due to a 
necessarily condensed style, and it is partly the fault of 
theorists, who do not draw a clear dividing-line between 
their theories and their statements of generally accepted 
facts. For instance, on p. 125 he assumes a cultural 
break between the Maglemose and shell-mound cultures 
of Denmark, both Early Neolithic ; but there is no evi- 
dence for this, and Danish archzologists believe that 
the one evolved from the other. The facts are quite 
irrelevant to Mr. Brooks’s main thesis, and had better 
have been omitted, but they illustrate the dangers that 
beset the path of him who travels widelv over the field of 
knowledge. The obvious safeguard is, of course, not to 
stay at home, but to carry a revolver. The highway- 
men of science must be made in this drastic way to 
produce their evidence or pay the penalty. In archeo- 
logical circles, as in war, it 1s a safe rule to shoot first 
and to take no one’s word for anything. It is unfortunate 
that this should be so, but facts are stubborn and are 
ignored at risk. 

We are very sceptical about Mr. Brooks’s attribution 
of the Chellean to the Mindel-Riss. As regards the 
Mousterian, recent discoveries in Switzerland seem to 
prove that M. Boule’s correlation is correct and that 
of Penk incorrect. (A summary of the latest evi- 
dence is given in the current number of the JW vener 
Prahistorische Zeitschrift.) Pumpelly’s absolute chron- 
Anau has been severely criticised and he 


ology for 
Minor grammatical errors 


ereatly antedates his cultures. 
occur on pp. 26 (line 2) and 145 (line 4), and a misprint 
on the second hne from the bottom of p. 73. The 
arrangement and bibliographies are excellent, and we 
hope the book will be widely read both by specialists 
and the general public. 

© G. S. Cc. 


Remembering and Forgetting. By T. H. Pear, M.A, 


B.Sc. (Methuen & Co., 7s. 6d.) 


The earher psychologists, im their investigation of 
memory, endeavoured to treat it as an isolated faculty of 


the mind, deliberately excluding all meaning from the 
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subject-material of their experiments; but the results 
obtained by this method were not very illumimating in 
themselves, and only remotely applicable to the remember- 
ing and forgetting that takes place in our everyday life. 
Professor Pear therefore rapidly passes over this earlier 
work to discuss the phenomenon of memory in relation to 
the general mental life and economy of the individual. The 
first half of the book deals with the “‘ image,’’ the elusive 
form in which a past experience is recalled to consciousness. 
The author is especially interested in ‘‘ kinesthetic ’”’ 
imagery,) that is, the recall of the actual sensations 
arising in muscles, joints, and tendons during the perform- 
ance of a muscular action or in maintaining a certain pose, 
and a chapter in the Appendix is devoted to an inquiry 
into the role played by these kinesthetic sensations in 
the mental life of certain types of individuals (by no means 
the most primitive) who habitually employ this mode of 
imagery. 

Professor Pear makes the very interesting suggestion 
that a predominance of a kinesthetic or a visual and 
auditory imagery may perhaps be correlated with those 
two types of character, the “‘ extrovert ’’ and the “‘ intro- 
vert, '* who find it so difficult to understand, and so easy 
to despise, one another. He even suggests that if a 
language could be devised for the expression of the sensa- 
tions of kinzsthesis, it might be raised to the level of 
‘‘ those aristocrats of sense, sight and hearing,’’ and possibly 
bring about a rapprochement between the two types of 
character. 

The problem of memory tends to present itself in modern 
psychology chiefly as the problem of how we forget, of 
how we keep our consciousness free of the mass of our 
past experience and prevent it from being flooded by 
irrelevent associations when an incident is recalled out 
of the past. 

Professor Pear is not overwhelmingly impressed by the 
evidence of hypnosis and psycho-analytical investigations 
into believing that all past impressions are indelibly 
recorded, and he regards (at least provisionally) a spon- 
taneous fading of insignificant experiences as one of the 
factors in forgetting. As a second factor in the for- 
getting oi insignificant impressions, the author appears to 
accept Dr. Rivers’s theory of their fusion with the main 
mass of experience, by which process they lose irrecover- 
ably their original form, although he modifies the theory 
On the question of 
the forgetting of significant experiences the author agrees 
with the now generally accepted theory of repression, 
though he makes a very fine distinction in separating out 
superseded ’’ rather 


to admit varying degrees of fusion. 


a group of experiences that are 
than repressed. 
Professor Pear claims fot his book no more than that it 


Professor Pear leaves open the question of whether a 
or whether it 1s 


a? 


image, 
to some extent reproduced by minimal contractions of the 


movement is recalled by means of an “ 


muscles originally employed, but for convenience of descrip- 
tion he refers to the process of recall as one of “‘ imagery 
tends to find his expression 
(Hotspur and Hamlet 


a? 


a? 


* Roughly, the “ extrovert 


in action; the “ introvert ”’ in thought. 


are extreme examples.) 


‘““ may serve as a guide-book to some of Memory’s more 
interesting facts,’’ and if it does not attempt or attain the 
comprehensiveness and dry clarity of a psychological 
Baedeker, it is a great deal more stimulating and readable. 


e. A BH. 


Glands in Health and Disease. By Dr. BENJAMIN 
HARROW. (George Routledge & Sons, Ltd., 8s. 6d.) 


Among the many volumes of very different value which 
have been produced on a subject which has caught the 
public imagination, this capable little work deserves special 
mention. It is eminently well suited to give the man in 
the street a trustworthy appreciation of the importance of 
‘“ glands ’’ in the medical horizon, without the sensation- 
alism which is too often associated with them. Especially 
to be commended is the space which is given to a considera- 
tion of that by no means negligible school of thought 
which believes that the importance of “‘ glands ”’ is grossly 
over-emphasised. For instance, no substance said to 
be manufactured by these organs and cast into the blood- 
stream is more generally accepted than “ adrenaline ” 
—which is supposed to be formed by glands near the 
kidney. In fact, adrenaline has been artificially prepared, 
and its value to the surgeon cannot be disputed. How- 
ever, Gley, a well-known French physiologist, while not 
disputing that ‘‘ adrenaline ’’ can be prepared from these 
organs, and that when prepared it is a powerful drug, 
denies that it is ever present in the blood in such propor- 
tions as to produce any effect whatever. On the other 
hand, the American worker, Cannon, has interpreted the 
behaviour of animals and men in terms of the activity of 
this gland—the cat’s attitude of terror when a dog barks, 
the dilated pupils of a frightened child, and the quickened 
heart-beat of the examination candidate, alike arise from 
that source. Dr. Harrow holds the scales of justice very 
impartially between these two schools. 

There is a short final chapter on the possibility of the 
existence of substances having an importance to plant life 
similar to that which the “hormones ’”’ which glands 
manufacture have to animals. For example, it is said 
to be bad for fruit-trees to grow them in a grassy meadow, 
on account of some poison arising from the presence of the 
grass. We would like further information on this point ; 
though we are aware of the important work of Professor 
Bottomley, of London, on similar questions. The orchards 
of Devon and Normandy have borne crops of world-fame 
for generations, in spite of their grassy carpets, and a 
comparison of orchard crops as opposed to kitchen- 
garden crops—where the trees grow in naked soil—does 
not always flatter the kitchen-garden. 

We congratulate the author on the care he has taken 
to explain “ hard words.’’ His vaulting ambition has, 
however, o’erleaped itself in his explanation of the word 
dectomy’ is derived from a Greek 
Few scientific words have much 
dectomy ”’ 


7 ee ¢ 


‘‘ thyroidectomy 
word meaning excision.’’ 
classical erudition to commend them, but 
is a word that never was on land or sea, or even in the 
Greek dictionary ! 
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SOME BOOKS ON PSYCHO-ANALYSIS 


By PROFESSOR C. BAUDOIN. 
(Allen & Unwin, 


Studies in Psycho-analysis. 
Translated by E. and C. Paul. 
12s. 6d.) 

Conditions of Nervous Anxiety. By Dr. W. STEKEL. 
(Kegan Paul, 25s.) 

The Omnipotent Self. By Paut BousFIiELp, M.R.C.S., 
L.R.C.P. (Kegan Paul, 5s.) 
The Psychology of Self-consciousness. 
B.A. (Kegan Paul, 6s. 6d.) 


By JULIA TURNER, 


Professor Freud’s theories have undergone a consider- 
able development since they were first propounded by 
him some eighteen years ago, and in particular some of 
the earlier conceptions were found to be a little too narrow 
as more psychological material was brought under survey, 
and they were accordingly modified or expanded. But 
there are a number of psychologists who feel that the 
Freudian theories, even as they stand to-day, are, in some 
respects, too limited and rigid, holding good in many cases 
but not universally applicable. 

Professor Baudoin, writing with great moderation, and 
supporting his views with an accumulation of evidence 
from his practice, suggests that an expansion of certain 
of Freud’s theories would make them more widely applic- 
able. He suggests, for example, that Freud’s formula, 
that the dream is a manifestation of a repressed wish, 
may be broadened into “‘ the dream manifests the (sym- 
bolical) realisation of an unsatisfied tendency.” It is, 
however, in practice rather than theory that Professor 
Baudoin departs most widely from the Freudian school, 
since he advocates the use of auto-suggestion as an acces- 
sory to psycho-analysis in the treatment of nervous 
disorders. 

One of the chief difficulties in the use of psycho-analysis 
as a method of treatment lies in the length of the process, 
and every practitioner of the method is on the alert to 
discover a means of shortening it. Freud himself is not, 
apparently, intolerant of the combination of other methods 
with his own, but his followers are often plus royaliste 
que /e voi in their insistence upon a purity of technique. 
The method of auto-suggestion is at least free from many 
of the disadvantages (such as dependence upon the 
operator, etc.) that attach to hypnotism and to direct 
suggestion by the physician, and in Professor Baudoin’s 
hands it seems to have produced valuable results in 
helping the patient towards a new attitude after an under- 
standing of his trouble has been secured by analysis. 

Freud, in the pioneer work of psycho-analysis, divided 
the instincts into two groups, the sexual and the self- 
protective (the zchiriebe) and, for certain good reasons, 
devoted himself chiefly to the study of the former. 
Professor Baudoin urges that more clinical application 
should be made of the work that has been done upon the 
separate self-protective instincts as by Adler, Ribot, and 
the late Dr. Rivers, and he reminds us that the sexual 
instinct is not the only one that is liable to be repressed by 
the conditions of modern civilisation. His book is written 
principally for the practitioner, for whom it should prove 
a very valuable addition to the fundamental textbooks. 


Dr. Stekel joins issue with Freud upon a purely technical 
question, that of the causation of the ‘‘ anxiety neurosis.” 
Dr. Stekel holds, very emphatically, that a psychological 
factor is the principal cause, and that it is not due, as 
Freud states, to relative sexual deprivation. But cases 
of anxiety in which no psychological factor is discoverable 
are comparatively rare, and become rarer the more closely 
they are investigated, as even the most orthodox of 
Freud’s followers admit, so that Dr. Stekel’s heresy is not 
a very important one. 

Dr. Stekel does good service in pointing out that many 
cases of anxiety neurosis resemble, and are liable to be 
mistaken for, organic disorders of the heart, stomach, 
etc. ; but unfortunately his book is not distinguished by 
any great clarity of thought or close reasoning. He 
gives, for example, three definitions of ‘‘ anxiety ’’ that 
are not easily reconcilable (pp. 4 and 24), and on p. 37 
summarises one of his cases (in apparent contradiction to 
his theory) as ‘‘a case of anxiety resulting from sexual 
abstinence.”’ Dr. Stekel writes for the medical profession, 
and intends his book to be “ an introduction to psycho- 
therapy,’’ a purpose for which it appears to be far too 
specialised and one-sided. 

Dr. Bousfield points out, in the introduction to a small 
book on The Omnipotent Self, that many undesirable 
character traits, such as self-importance, irritability, over- 
sensitiveness, etc., have been found amenable to psy- 
chological treatment ; in the book itself he takes for his 
theme ‘‘ Narcissism ’’ (which is roughly self-love) as being 
the commonest and most powerful cause of these faults 
of character, and he traces its development from largely 
avoidable factors in the child’s education and environ- 
ment. Apart from certain slightly dogmatic expressions 
of personal opinion, Dr. Bousfield follows the main lines 
of the Freudian theories, and it is presumably for the sake 
of simplicity that he gives no indication that the views 
he puts forward are not universally accepted. 

In The Psychology of Self-consciousness Miss Turner 
sees the whole mental life of the normal individual in 
terms of a conflict between the will to power and the 
tendency to “‘ expiation.’’ The explanation given of the 
universal validity of this theory is not very easy to follow, 
especially as very little evidence is brought forward to 
support it, but, so far as we can understand it, the conflict 
here described does not seem to differ from certain aspects 
of the particular conflict between the sexual impulse and 
the ego impulses that are fully dealt with in the standard 


works on psycho-analysis. 7 
F. A. H. 


Fundamentals of Biochemistry in Relation to Human Physt- 
ology. By T. R. Parsons. (Hefter, Ios. 6d. net.) 

The science of that aspect of chemical change which 
is peculiarly associated with life is daily assuming greater 
importance. With so young a branch of knowledge it 
is inevitable that the subject has to a great extent to 
be studied in original papers, not always accessible—and 
too frequently rather unintelligible—to the learner. 
The author—who writes from Cambridge, one of the 
chief homes of the science in England—has written 
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a book which supplies a very definite need. Medical 
students will find this book admirable for their purposes, 
and the references to fuller expositions of the questions 
dealt with will be of considerable assistance to those 
more advanced in a science from which a great deal is 
to be hoped for in the years to come. 


Heredity in Poultry. By REGINALD CRUNDALL PUNNETT, 
F.R.S. (Macmillan & Co., Ltd., 1923, Ios.) 


The importance of Mendel’s work on heredity and his 
discovery of the simple laws governing the transmission 
of inherited characteristics in certain plant forms has 
perhaps not been sufficiently appreciated by the world 
at large. Professor Punnett was one of the first to 
realise the potentialities of these investigations, and by 
his untiring work over a number of years has proved 
conclusively that the same general laws govern heredity 
in animal life. Working with poultry, by selective breed- 
ing and careful observation, he has shown that such 
characters as plumage, colour, broodiness, and egg- 
production (to mention but a few) are inherited strictly 
on Mendelian lines. It would seem at first sight that 
research of this type were largely of academic interest ; 
but we are shown by the author how the economic value 
of these researches is already recognised by poultry 
breeders. Breeding hitherto has been purely empirical. 
With a knowledge of these laws it is now possible to 
ensure the preservation of breeds of maximum fecundity ; 
and there is great promise that in time the dishearten- 
ing results of empirical breeding will be altogether 
avoided. 

Professor Punnett confines himself modestly to the 
practical and economic value of his work to the poultry 
industry. May we point out that the laws governing 
vegetable and animal life are also those that apply to 
our own, the Human Species? So many of the diseases 
and handicaps of the individual man depend obviously 
on inherited constitution ; and we should like to look upon 
this research as part of a field of large scope—the study 
of the laws which govern the preservation of the healthiest 
30dy and Mind. 

A. C. Mow Le. 


and most stable qualities of Human 


lhe k-volution and Progress of Mankind. 
HERMANN KvraatscnH, M.D. Edited and enlarged 
by Prorressor ADoLF HEILBRON, M.D. _ Translated 
by JosepH McCaBe. (T. Fisher Unwin, Ltd., 25s. 


net. 


By PROFESSOR 


It must be obvious to al] those who venture into the 
that it suffers 
from too much 


fascinating labyrinths of anthropology 
in one extreme o!1 its investigations 
information, and at the other extreme from too little. 
Of very ancient man we know all but nothing ; whereas 
with regard to modern man, each race, if not each indi- 
vidual, presents its separate quota of matter for surmise 
and classification 

Yet the trite quotation ‘* The greatest study of mankind 
is man remains apt; and curiosity as to how man, 


in form how like an angel, in imagination how like a 


god,’’ achieved his eminence will always seek to be 
satisfied. And here is a book which will go some way, 
at least, in doing so. ‘‘ The Evolution and Progress of 
Mankind ” would be a gigantic subject even for Mr. H. G. 
Wells, and obviously the three hundred odd pages of 
this book have not included all that may be said on the 
subject. In point of fact, the book may be divided into 
three sections—a consideration of the anthropoid apes, 
a most interesting account of the Australian aborigine, 
and a critical discussion of the all too short series of 
primitive skulls. In addition, there are paragraphs here 
and there filled with those curious anecdotes and descrip- 
tions of primitive habits which anthropologists know 
well how to produce. 

The reader is soon taught to walk warily in anthropology. 
Consider that first exciting find—the fragments of a 
Skeleton at Neanderthal in 1856. Virchow, the great 
German pathologist, thought that they were the remains 
of a fairly recent man who suffered from rickets and gout. 
Huxley, for England, said it was of great age; Professor 
Mayer, from out the German ranks, retorted that the 
bones were those of a ‘“‘ Mongolian Cossack of Cherni- 
choff’s army corps of the year 1814.” 

The eminent writer of this work, in common with 
practically all anthropologists of to-day, emphatically 
believed that the bones were exceedingly ancient. This 
belief is founded on the discovery of a series of skulls 
showing peculiarities similar to those of the Neanderthal 
celebrity. The argument, implicit rather than expressed 
in this book, is that one peculiarly eccentric skull might 
be explained by its being a sport or a pathological specimen 
by accident preserved, but that the chance that a series 
with similar characteristics, all at variance with the norm 
of their fellows, should be preserved and found is a very 
smallone. Add to this that in the main these skulls were 
found in geological strata of ascertainable age, although, 
of course, burial, if one is only buried deep enough, might 
bring one to any geological age whatever. 

There is only one small point. The preservation of 
a series of abnormal skulls would equally be explained 
if by virtue of their abnormality they were specially 
protected against the disintegrating effects of time. 
Rickets is a disease which affects bones, produces bulging 
frontal eminences, and bends the thigh-bones in a curve. 
After cure—for it 1s a childish ailment——the bones remain 
abnormally dense, and so more likely to survive the ages. 


‘“ Paget's disease ’’ is another producing similar changes 
as regards the bulging forehead, but here the bones get less 
dense. Virchow, as we have said, thought that the Nean- 
derthal man was rachitic—an old sufferer from rickets ; 
and although he is now contradicted, it is uncomfortably 
true that Virchow’s opinions on any subject were uncom- 
monly reliable. There are some who, perhaps, would 
only be absolutely convinced on the subject of the appear- 
ance of ancient man by the discovery of a whole graveyard 
of consistent skeletons. Perhaps even then they would 
require to be convinced that there was not once a pre- 
historic hospital for cripples near-by! In all, it may be 
mentioned, eighteen skulls of supposedly great antiquity 
are discussed in this book, and this small number serves 
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to indicate the lamentably small space in which scientific 
surmise may disport itself. 

To sum up the author’s theories, it may be said that 
he believed that at least two races of ancient man could 
be differentiated—Aurignac man and Neanderthal man. 
The former came from Asia, and was distantly related to 
the orang-outang; the latter from Africa, and was a 
cousin Of the gorilla. Perhaps other races were similarly 
related to the chimpanzee and gibbon. 

l‘or the rest, his outline of man’s advance, his descrip- 
tions of Australian customs, and his obiter dicta deserve 
more space than can here be allotted to them. He 
thought that the wearing of clothes was ruining the human 
figure, evolved by long ages of wsthetic selection, now 
mainly impossible; he thought that man retained his 
power to vary, paradoxically, by remaining primitive— 
to grow hoofs, like a horse, is to commit yourself to a line 
of your own, whereas to retain the primitive hand, like 
the newt and man, is to retain the potentiality (precious 
word !) of development, The reader will learn why dingo 
dogs do not bark, and what the gibbon’s attitude toward 
life is: he will read of a suggestion as to the primitive 
language of man, and will appreciate, we believe, that 
the author was not only a very learned, but a most 
human individual in his affection both for animals and 
for man savage and civilised. The book is admirably 
printed, as an example of the difficult art of translation 
it is thoroughly to be commended, and not the least part 
of its attractiveness arises from its many excellent illus- 
trations. In conclusion, Professor Klaatsch’s own words 
should be quoted: ‘‘ The man who would form his own 
judgment on these matters will find it necessary to make 
a thorough study of the skeletons of man and the anthro- 
poid apes. It is no use just making sceptical remarks 
on the subject.”’ 

mm. 5. ¥. FP. 


Books Received 


(Mention in this column does not preclude a review.) 


ARCHASOLOGY AND ANTHROPOLOGY 
A History of Magic and Experimental Science. By Pror. 
L. THORNDIKE, Ph.D. In two volumes. (New 
York: The Macmillan Company.) 


The kvolution and Progress of Mankind. By PRoe. 
HERMANN KLAATSCH, M.D. Edited and enlarged 
by ADOLF HEILBRON, M.D. ‘Translated by JOSEPH 
McCaBeE. (T. Fisher Unwin, 25s. net.) 


PHILOLOGY 
The Study of English Speech by New Methods of Phonetic 
Investigation. By E. W. Scripture, Ph.D. (Pub- 
lished for the British Academy by Humphrey Milford, 
Oxford University Press, 3s. 6d.) 


PSYCHOLOGY AND PHILOSOPHY 


Macrobius, or Philosophy, Science, and Letters in the Year 
400. By THOMAS WHITTAKER. (Cambridge Uni- 
versity Press, 6s. 6d.) 

The Meaning of Meaning. By C. K. OGDEN, M.A., and 
J. A. RicHarpbs, M.A. (Kegan Paul, 2s. 6d.) 

The Appearance of Mind. By JAMES CLARK MCKERROW, 
M.B. (Longmans, Green & Co., 6s.) 

Psycho-analysis and Suggestion Therapy. By Dr. 
WILHELM STEKEL. (Kegan Paul, 6s. 6d.) 


ECONOMICS 


Food Production in War. By THoMAs HUDSON MIDDLE- 
TON, K.B.E., C.B., LL.D., Deputy Director-General, 
Food Production Department. (Oxford: at the 
Clarendon Press, 1Ios. 6d. net.) 


SCIENCE 
The Spectroscope: and its Uses in General Analytical 
Chemistry. By T. THORNE Baker, A.M.1.E.E., 
F.R.P.S. Second Edition. (Bailliére, Tindall & Cox, 
7s. 6d.) 
Il metodo sperimentale secondo Leonardo da Vinci, e 


sua applicazioni alla teoria cinetica dei gas. (Roma: 
Casa Edit: ‘“ L’elettricista.’’) 
Relativity. By NORMAN ROBERTCAMPBELL, Sc.D. (Cam- 


bridge University Press, 7s. 6d.) 

Scientific Thought. A Philosophical Analysis of Some of 
its Fundamental Concepts in the Light of Recent 
Physical Developments. By C. D. Broap, M.A., 
Litt.D. (Kegan Paul, Trench, Trubner & Co., 106s.) 

An Introduction to the Principles of Mechanics. By J. ¥F.5. 
Ross, M.C., B.Sec., A.M.I.Mech.E. (Jonathan Cape, 
I2s. 6d.) 

General Science. Part I. By GrEoRGE THOMPSON and 
GEORGE H. LESLIE. (Cassell & Co., Ltd., 2s.) 

Colour and Methods of Colour Reproduction. By L. C. 
Martin, D.1.C., D.Sc. With chapters by WILLIAM 
GAMBLE, F.R.P.S. (Blackie & Son, Ltd., I2s. 0d.) 

The Generation and Utilisation of Cold. A General Dis- 
cussion held by the Faraday Society. 10s. 6d. 


Correspondence 


AXIAL ROTATION 


To the Editor of DISCOVERY 
SIR, 
Will you be good enough to deal with the above 
subject in DISCOVERY ? 

1 am prompted to ask this question by the extreme 
perplexity I always feel when I meet with the statement 
that the Always in this 
connection synchronisation of rotation and revolution 
is specially mentioned as being something remarkable. 


sé ? 


moon rotates upon its axis.’ 


The same is the case when dealing with the planets 
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Mercury and Venus. As regards this coincidence it seems 
to me it could not be otherwise whether the time taken by 
the moon be twenty-eight days or 28,000,000 years. This 
change of speed would still leave the same face of the moon 
turned towards us. 

If I have, say, acricket ball suspended on the end of a 
few yards of striag and swing that round in a circle above 
my head, is there anything strange in the fact that the 
same face of the ball is always turned inwards ? 

Surely the strangest assertion would be that the ball 
was turning upon its axis. Rotation has been defined as 
‘lines in a rigid body changing their direction.’’ If the 
moon could henceforth be made to turn upon its axis ina 
reverse direction to its revolution, and in the same time 
lines in it would not change their direction. But we have 
now introduced axial rotation surely, because lunar in- 
habitants (if any) would see the earth rising and setting. 
If we introduce a new rotation in the same direction as 
revolution, we shall get this rising and setting of the earth. 
But what a difference this new rotation from the old ! 
Now, as in the case of sun spots proving the rotation of the 
sun, we shall have moon markings proving the rotation 
of the moon. According to the definition, the pedal of 
a push bicycle when ridden does not rotate upon the pin. 
Take the familiar railway turntable. It rotates upon its 
axis. Place a cricket ball exactly in the centre, when the 
table turns the ball will rotate upon its own axis; place 
an orange resting near the circumference. Is _ that 
rotating upon its ow axis when the table is turning ? 
If so, what is a spinning-top doing in a similar position 
when the table is turning ? The earth has, of course, axial 
rotation in addition to revolution, and we get rising and 
setting of the sun, but it has also (if the moon has) axial 
rotation because of revolution in its orbit. Tocall each of 
these ‘‘ axial rotation’’ without qualification is rather 
perplexing. In the case of the planet Uranus I read that 
its axis almost coincides with the plane of its orbit. 
In this case I suppose we get one axial rotation because 
of revolution and axial rotation pure and simple. 

If everything carried round in any particular path, cir- 
cular, elliptical, or otherwise, is turning upon its axis, then 
every pebble on every beach upon the surface of the earth 
is turning upon its own axis. Ifthe moon could be brought 
near enough to the earth to rest upon it, the same face 
would, of course, always be turned towards it, but like 
the other pebbles, it would of course be turning upon its 
axis, according to the definition, but in about twenty-four 
hours, instead of about twenty-eight days; but there is 
now nothing extraordinary in time of axial rotation 
coinciding with revolution. Distance is, I think, the only 
change imagined here, apart from time of revolution. 

As a familiar illustration take the face of your watch. 
The minute and hour hands rotate on an axis, and the 
seconds hand on another. On the heel of the seconds hand 
isadisk. Let thisrepresent the moon, the axis of rotation 
the earth, and the axis of rotation in the centre of the 
Can the disk (or moon) attached rotate 


>?) 


watch the sun. 
on its axis? 

Imagine the disk detached but still revolving. 
then it is not rotating upon its axis. 


Even 


DISCOVERY 


Of course I can see that the moon, in a journey of about 
1,500,000 miles, turns itself round, but surely this cannot 
be axial rotation. When the moon really rotated, was 
not the earth rising and setting ? and when this rising 
and setting ceased, did not axial rotation also cease ? 

As an unscientific reader I shall be glad if you will deal 
with the points I have raised, especially the everyday 
illustrations. 

I am, Sir, 
Yours, etc., 


J. MARSHALL. 
2 HEATH VILLA, 


BIRCHWOOD DRIVE, 
LEIGH-ON-SEA. 


February 14, 1923. 


To the Editor of DISCOVERY 
DEAR SIR, 

Even Homer sometimes. nods, and the Editor 
of so excellent a magazine as DISCOVERY may be excused 
for doing the same. But surely there is a slip in the last 
of the Editorial Notes in the March number (p. 59). There, 
in connection with the discovery of the new element 
Hafnium, it is said: ‘“‘ The use of kathode rays, as they 
are called—the bombardment of a crystal by electrons 
from an X-ray tube—produces an equally characteristic 
spectrum on a sensitive photographic plate.’’ This 
sentence seems to contain several inaccuracies. An X-ray 
tube emits X-rays, and not electrons. The kathode rays 
or electrons bombard the antikathode within the tube, 
and the antikathode then becomes the source of X-rays. 
The crystal in the X-ray spectrometer is ‘“‘ bombarded ”’ 
(if that term is appropriate) by the characteristic X-rays 
of the element under examination, and by reflecting these 
from successive planes of atoms within itself acts as a 
diffraction grating for these rays, and so produces their 
spectrum. The characteristic X-rays of an element may 
be produced either by having the element in question on 
the antikathode (the direct method), or by exposing it to 
ordinary (mixed) X-rays which are “ harder’’ than the 
characteristic X-rays of the element. In place of the 
element, of course, a suitable compound may be used. 
Moseley used the direct method of generating character- 
isti. X-rays (Kaye, X-vays, p. 200). What method may 
have been employed by Coster and Hevesy I do not know. 


Yours, etc., 
JAMES PATRICK. 
UNITED FREE CHURCH MANSE, 
BALLATER, 
ABERDEENSHIRE. 


February 28, 1923. 


[The Editor is grateful and regretful.—Eb.} 











